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^ (57) Abstract: A rechargeable electrochemical cell is provided having a pressure-responsive apparatus for determining a charge 
termination point In particular, a reversible pressure-responsive switch may be disposed in a cap ai the open end of a rechaigeable 
metal hydride cell. The reversible pressure-responsive switch may also contain a vent system for releasing the cell internal pressure. 
Alternatively, a rechargeable cell may include a strain gauge disposed in its outer surface whose resistance changes as the outer 
surface of the battery expands due to internal pressure accumulation during charging. Additionally, a rechargeable cell is used com- 
bination with a charging source that can supply constant voltage, constant current, alternating current, or voltage that varies between 
^ a minimum threshold and a maximum threshold. 
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METHOD AND APPARATUS FOR REGULATING CHARGING OF 
ELECTROCHEMICAL CELLS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] The present application claims priority to U.S. Patent application No. 
60/242,347, filed on October 20, 2000 and entitled "Pressure-Responsive Charge 
Regulating Switch"; U.S. Patent Application No. 60/290,229, filed May 1 L 2001 
and entitled "Pressure-Responsive Charge Regulation Switch; U.S. Patent 
Application No. 60/280,391, filed March 30, 2001 and entitled "Pressure- 
Responsive Charge Regulation Switch"; U.S. Patent Application No. 60/309,377, 
filed August 1, 2001 and entitled "Strain Gauge-Based Charging Control for Nickel- 
Based Rechargeable Cell; and United States Patent Application No. 60/308.970, 
filed July 31, 2001 and entitled "Charge Regulating Switch"; the disclosures of each 
of which are hereby incorporated by reference as if set forth in their entirety herein. 

STATEMENT REGARDING FEDERALLY SPONSORED 
RESEARCH OR DEVELOPMENT 

(00021 Not Applicable. 

BACKGROUND OF THE INVENTION 
100031 The present invention relates generally to nickel rechargeable cells, such as 
nickel metal hydride (NiMH) cells, and more specifically to a method and apparatus 
lor automatically revefsibly terminating a cell charging process. This invention may 
also be employed in nickel cadmium (NiCd) cells. 

100041 For greater convenience and portability, many modem electrical appliances 
and consumer products may be operated to draw electric current fi-om batteries of 
standard size and electrical performance. For convenience and economy, various 
rechargeable batteries have been developed, such as nickel metal hydride cells and 
the like. 

jOOOSj Metal hydride cell technology provides excellent high-rate performance at 
reasonable cost when compared to nickel cadmium and lithium ion technology. 
Moreover, metal hydride cells have about a 50% higher volumetric energy density 
than NiCd cells and about equal to lithium ion cells. The internal chemistry of metal 
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hydride rechargeable cells has an impact on the ability to charge such cells. Issues 
affecting the ability to charge nickel rechargeable cells arise as a result of the 
internal chemistry of such cells. When a nickel rechargeable cell approaches a full 
charge state, oxygen is generated at the cathode as follows: 

40H' ^ O2 (gas) + 2H2O + 4e 
[00061 The oxygen gas diffuses across a gas-permeable separator to the anode 
where it is recombined into cadmium hydroxide or water as follows: 

I/2O2 (gas) + H2O + Cd Cd(OH)2 + Heat @ Cadmium anode 
^ I/2O2 (gas) -f H2 H2O + Heat @ Hydride anode 

f0007j When recharging such cells, it is important to ascertain when the cell has 
become fully charged. For example, if a cell were to become overcharged for an 
extended period of time, the pressure buildup within the cell could cause the cell to 
fail as well as electrolyte to leak, thereby further subjecting the charger to potential 
damage. 

(0008] Metal hydride rechargeable cells are typically recharged by applying a 
constant current rather than constant voltage to the cells. In this scheme, cell voltage 
increases gradually until the cell approaches full charge whereupon the cell voltage 
peaks. As the cells reach the overcharge state, the released heat causes the cell 
temperature to increase dramatically, which in turn causes the cell voltage to 
decrease. Cell pressure also rises dramatically during overcharge as oxygen gas is 
generated in quantities larger than the cell can recombine. Unfortunately, it is 
known that the rate of pressure change is several orders of magnitude faster than the 
rate of voltage or temperature change. Thus, conventional constant current charge 
interruption methods cannot support a ver>' fast charge rate without risking internal 
pressure buildup, rupture, and electrolyte leakage. For this reason, metal hydride 
cells may be provided with safety vents. 

|0009j One common way to reduce pressure buildup at the full-charge state is to 
provide an anode having a excess capacity of greater by 40-50% more than the 
cathode, a gas-permeable separator, and limited electrolyte to accommodate 
effective diffusion of gasses. This avoids the production of hydrogen gas at the 
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anode while permitting the oxygen to recombine with the anode material. When a 
cell reaches full charge, oxygen gas continues to be produced at the cathode, but 
hydrogen is not produced from the anode. If hydrogen were produced, the cell could 
rupture from excess pressure. The oxygen recombination reaction therefore controls 
the cell pressure, as is illustrated in Fig. K The oxygen gas then crosses the 
separator and reacts with the anode material. Downsides of this arrangement 
include reduced cell capacity and corresponding shorter cell cycle Ufe due to 
degradation of the anode from overcharge with oxidation and heat. 
10010] It is important to stop charging a cell or plurality of cells when a full charge 
state is reached to avoid possible cell rupture or leakage due to the increasing 
internal gas pressure. Conventional metal hydride rechargeable cells cannot 
themselves signal a suitable charge termination point. One must instead rely upon 
expensive and sophisticated detection circuitry in an associated charger device to 
determine when charging should end. Charge termination is typically determined by 
the detection circuitry based on (1) peak cell voltage, (2) peak cell temperature 
(TCO), (3) duration of charging time, (4) -dV, and (5) dT/dt. Each known method 
for tenninating a constant current charge has disadvantages. For example, time- 
based termination can be unreliable except at very low charge rates because the cell 
can become overcharged before termination. 

[001 1 1 Charge termination based on peak voltage can be unreliable at the end of the 
charging period because an over-voltage condition can exist before termination. 
Termination based on a voltage decline (-dV) is necessarily associated with oxygen 
recombination and the accompanying detrimental temperature rise. In practice, this 
means that voltage detection must be accurate and fast. Unless the ambient 
temperature is steady, it can be difficult to accurately measure a change in voltage. 
Moreover, when the charge rate is slower than 0.3 C, the voltage drop measurement 
is too small to be detected accurately. A charge rate of IC draws a current equal to 
the rated capacity of the electrochemical cell or battery. Termination based only on 
peak temperature is also easily affected by ambient temperature changes. 
(001 2| Termination based upon the rate of change in temperature over time (dT/dt) 
is somewhat more reliable than detecting an absolute temperature change because it 
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is less subject to effects caused by ambient temperature change and because there is 
less negative effect on cycle life, but it is still based on heat which is detrimental to 
cell performance and cycle life. This is because temperature increases faster, and, in 
fact, precedes, the drop in voltage. Accordingly, there is somewhat less risk of 
rupture and leakage than in the other methods noted above. This makes it the most 
common charge termination method in use today. 

[0013] Others in the art have sought pressure based mechanisms for breaking the 
connection between the electrode and the cell terminal when pressure exceeds a 
predetermined level. For example, U.S. Patent No. 5,026,615 discloses a pressure- 
sensitive^witch in an end cap assembly that comprises a conductive spring member, 
a nonconductive fulcrum member and a moveable conductive member. The 
conductive spring member is in electrical connection with a terminal on one end and 
with the moveable conductive member on the other end. The moveable conductive 
member is in turn in electrical connection with an electrode. As the internal cell 
pressure increases, the moveable conductive member exerts force on the spring 
member, which pivots on the nonconductive fulcrum member and disconnects from 
the terminal. This patent therefore requires a first and second contact, one of which 
being movable with respect to the other and rotatable about a fulcrum in order to 
pivot with respect to the other contact. This arrangement requires more essential 
parts than necessary, and further requires that the assembly be constructed with tight 
lolerances, thereby increasing complexity as well as the cost of production. 
|001 4| Other examples of these technologies include US Patent Numbers 5,747,187, 
5,405,715, 5J4K606, 5.609,972, 6,018,286, 6,078,244, and 6,069,551, all of which 
are incorporated herein by reference as if set forth in their entirety. Some such 
mechanisms prevent a pressure-induced rupture of the cell but in doing so 
permanently disable the cell. In other cases, reversible switch devices prevent cell 
rupture, but do not detect an early charge termination state to avoid heat build up 
and to ensure superior cell performance and cycle life. 

1 00151 With constant voltage charge, on the other hand, the charging current is high 
at the beginning of the charge, when the cell can accept higher currents, and then 
decreases to lower levels as the cell approaches full charge. When constant voltage 
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charging, the above-noted signals for the end of a constant current charge process 
are not useful because as the cell approaches the full charge state, the cell voltage is 
constant and the cell temperature is leveling. Like a constant current charge 
approach, charging time cannot be used for the constant voltage charge when the 
charge rate is higher than 0.3C due to run away of pressure that can damage devices. 
As a result of these shortcomings it has been difficult to identify an effective 
termination signaling means and constant voltage charging for metal hydroxide cells 
has therefore been generally considered to be impractical. 

[0016] With ahemating current charge, the charging current may be modulated at a 
defined Q;equency or combination of frequencies to produce a net positive current 
that enables the cell to become charged. An alternating current charge can provide a 
fast charge with less pressure buildup and lower temperature increase than constant 
current or constant voltage charge. However, when using an alternating current 
charge, the above-noted signals for the end of a constant current charge process are 
not useful because as the cell approaches the full charge state, changes in the cell 
voltage are difficult to detect above the voltage response to the applied altemating 
current. As a result it has been difficult to identify an effective termination 
signaling means and altemating current charging for metal hydroxide cells has also 
therefore been generally considered to be impractical. It should be appreciated that 
an alternating current charge is used throughout the present disclosure to mean a 
varying current that produces a net positive charge, such as a modulated altemating 
current. For example, an altemating current may be half-wave rectified or full-wave 
rectified to produce a series of current pulses, or an altemating current may be offset 
by a desired DC current. 

100171 Published Australian patent application number 199926971 Al discloses a 
method for fast charging a nickel metal hydride battery in an implant by 
transcutaneous transmission of electric power from an external power- transmission 
part to a power-receiving part in the implant. The patent application considers the 
desirability of an initial rapid high-current charge phase when the internal cell 
resistance is low, followed by a second lower-current, constant cell voltage charge 
phase to ensure that the cell is charged only with as much energy as the 
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electrochemical state allows, without excess gassing or heating of the cell. Harmful 
effects on the battery are precluded while, at the same time, the charging rate 
remains high. In the method disclosed therein, a first of two charging phases 
includes the step of allowing a relatively high constant charging current to flow to 
the power receiving part while the cell voltage rises until it reaches a predetemiined 
limiting charging voltage. In the second charging phase, the charging current is 
lower than the current level at the end of the first phase while the cell voltage is kept 
at least approximately at the predetermined constant voltage value. In the Australian 
patent application, the second charge phase ends when an associated micro- 
electronic controller determines that the rate of change of the charging current over 
time does not reach a predetermined slope. This cumbersome two-step constant 
current/constant voltage approach is typical of prior approaches in the art. 
[0018] In summary, as the metal hydride rechargeable cell reaches its fully charged 
state, oxygen is evolved fi-om the cathode, thereby increasing the intemal cell 
pressure and driving the exothermic oxygen recombination reaction. At a very high 
constant current charge rate, usually less than one hour, charge current is still very 
high at the end of charge. This results in severe heating of the cell and shortened 
cycle life. The available methods of terminating constant current charge are not 
very reliable when cell temperature is high. In addition, cell heating is detrimental 
and it is desirable to terminate the charge before significant cell heating at the stage 
where damaging pressure begins to rise within the cell. 

10019] WTiat is therefore needed is a method and apparatus for more accurately 
determining the charge termination point for a cell that is fully rechargeable under 
constant voltage, constant current, and alternating current/voltage charging. 
|0020| What would be desirable is a reversible regulating switch that is responsive 
to a stimulus for determining a charge termination point that is less complex and less 
destructive than those currently available. 

(0021 1 What is also desirable is a more cost-efficient and reliable charge termination 
detection apparatus than that currently achieved, and that is compatible with 
conventional rechargeable batteries. 
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BRIEF SUMMARY OF THE INVENTION 
[0022] In one aspect the invention provides a rechargeable electrochemical cell that 
is suitable for terminating the charge when the internal pressure reaches a maximum 
predetermined threshold. In one preferred form, the cell includes an outer can 
defining an internal cavity with an open end, a positive and negative electrode 
disposed in the internal cavity, and a terminal end cap enclosing the open end. 
[00231 The cell further includes an end cap assembly having a grommet that extends 
radially inwardly from the can that flexes from a first position towards a second 
position in response to internal cell pressure. A first conductive element is in 
electricaLpCommunication with the terminal end cap, and a second conductive 
element is in electrical communication with the positive electrode, and in removable 
electrical communication with the first conductive element. The second conductive 
element is also in mechanical communication with the grommet. When the internal 
pressure within the cell accumulates beyond a predetermined threshold, the grommet 
flexes to remove the first and second conductive elements from electrical 
communication, thereby terminating the charge. Once the internal pressure drops 
below the predetermined threshold, the grommet returns to its first position. 
[0024] In accordance with one embodiment, the second conductive element 
comprises (a) a first contact having one end extending from the positive electrode, 
and a second end opposite the first end; (b) a second contact extending through the 
grommet having a first end in contact with the second end of the first contact, and a 
second end opposite the first end; and (c) a third contact having a first end in contact 
with the second end of the second contact, and a second end opposite the first end 
and in removable contact with the first conductive element. 

|0025| In another preferred form, the second conductive element is connected to the 
grommet and at least partially axially aligned with the first conductive element, and 
is displaced axially outwardly when the grommet is in the second position. A 
nonconductive spring member may be disposed between the terminal cap and the 
grommet to limit the amount of grommet displacement. A stop may be disposed 
axially downstream of the first conductive element so as to limit its movement when 
the grommet flexes to its second position. 
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[0026] If desired, the cell may further include a gas impermeable separator disposed 
between the positive and negative electrodes. 

I0027J In another aspect, the invention provides a vent extending through the 
terminal end cap that allows gasses to escape from the cell for pressure dissipation. 
In particular, the grommet separates the internal cavity of the can from a second 
internal cavity disposed within the end cap. An opening extends through the 
gronunet to provide a conduit between the two cavities, such that gasses may escape 
from the internal cavity of the can out the vent. If desired, a plug may be disposed 
within the opening that is displaceable when the internal pressure reaches a 
predeteojiined threshold. 

{0028J The invention further provides a rechargeable electrochemical cell charging 
system having (1) an electrochemical cell comprising (a) an outer can defining an 
internal cavity with an open end, and anode and cathode disposed in the internal 
cavity, and a terminal end cap enclosing the open end; (b) a linkage that establishes 
an electrical connection between the terminal end cap and the first elecfrode; and (c) 
a switch responsive to high pressure to break the linkage; and (2) a cell charger that 
receives the electrochemical cell and supplies a constant voltage charge thereto, 
wherein internal pressure is generated during charging that activates the switch to 
terminate the charge when the internal pressure exceeds a predetermined pressure 
threshold.. In another aspect, the charger supplies an alternating current charge. In 
another aspect, the charger supplies a voltage charge that varies between a 
predetermined maximum threshold and a predetermined minimum threshold. 
[00291 In another aspect, the present invention provides a battery that comprises a 
plurality of cells connected in series wherein at least one of the cells is a cell that 
contains the pressure-responsive switch according to the invention. It will be 
understood that the plurality of cells can be charged and recharged according to the 
invention, but that when the pressure in any one cell equipped with the switch of the 
invention rises to an unacceptably high level, the current flow through the entire 
circuit will be interrupted and charging will be temiinated. 
(0030J In another preferred fomi, the cell is chargeable under a constant voltage 
charge, alternating current charge, constant current charge, and a voltage that varies 
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between a minimum threshold and maximum threshold. As a result, the cell may 
achieve fast charging for less than an hour rate. 

|0031] hi another aspect, a rechargeable electrochemical cell charging system 
includes a rechargeable cell having a gauge on its outer surface operable to send a 
signal indicating that the outer surface is expanded at a rate that is beyond a 
predetermined threshold. A battery charger is also provided that (1) supplies a 
charge to the rechargeable cell, wherein the outer surface of the battery expands as 
the charge is supplied, (2) receives the signal from the gauge, and (3) terminates the 
charge based on a predetermined rate of change of outer surface expansion. 
(0032] l£ one preferred form, the gauge is a strain gauge having two distal ends 
connected to two respective conductive contact bands, and wherein the charger 
further comprises conductive leads connected to the contact bands to measure 
electrical resistance thereacross. 

100331 In another preferred form, the signal from the gauge is a resistance that 
varies in a predictable manner relative to the outer surface expansion, and the 
charger further includes a processor operable to measure the resistance across the 
strain gauge. 

10034] In another preferred form, the charging assembly further includes a 
temperature sensor for sensing the internal temperature of the cell, such that the 
battery charger further terminates the charge based on a predetermined condition of 
temperature and outer surface expansion. 

10035] In another aspect, methods are also provided for using these types of 
electrochemical cells and charging assemblies. 

100361 The present invention thus provides rechargeable cells, charging systems, 
and methods for achieving reliable charge temiination of metal hydride cells based 
on internal pressure to prevent over-pressurization of the cell that could otherwise 
cause the cell to fail, 

10037) The foregoing and other aspects of the invention will appear from the 
following description. In the description, reference is made to the accompanying 
drawings which form a part hereof, and in which there is shown by way of 
illustration, and not limitation, a preferred embodiment of the invention. Such 
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embodiment does not necessarily represent the full scope of the invention, however, 
and reference must therefore be made to the claims herein for interpreting the scope 
of the invention. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
(00381 Fig- 1 is a schematic illustration of the oxygen recombination reaction 
controlling cell pressure; 

[0039J Fig. 2A is a cross-sectional view of an end cap assembly containing a 
pressure-responsive switch and a pressure-release vent constructed in accordance 
with a preferred embodiment of the invention, illustrated in a low pressure position; 
[0040] ^g. 2B is a cross-sectional view of the end cap assembly illustrated in Fig. 
2A in a high pressure position; 

[0041] Fig. 3 is a cross-sectional isometric view of an end cap assembly containing 
a pressure-responsive switch and a pressure-release vent constructed in accordance 
with an alternate embodiment of the invention, depicted in a low pressure position; 
[0042] Fig. 4 is a cross-sectional elevation view of the end cap assembly of Fig. 3; 
[0043] Fig. 5 depicts an exploded view of the components of the end cap assembly 
of Fig. 3; 

1 0044} Fig. 6 is a sectional side elevation view of the positive terminal of a cell 
incorporating a switch constructed in accordance with an alternate embodiment of 
the invention; 

10045] Fig. 7 is a sectional side elevation view of the positive terminal of a cell 
incorporating a switch constructed in accordance with an alternate embodiment of 
the invention; 

[0046] Fig. S is a graph plotting capacity (Ah) vs. AP (psig) for a nickel metal 

hydride cell during alternating current and constant current charge; 

10047] Fig. 9 is a graph plotting capacity (Ah) vs. AP (psig) for a nickel metal 

hydride cell during alternating current and constant voltage charge; 

10048] Fig. 10 is a schematic sectional side elevation view of a battery charging 

assembly constructed in accordance with the preferred embodiment including a cell 

having a strain gauge assembly; 
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{00491 Fig. 1 1 is a graph plotting pressure and temperature vs. time obtained during 
the charging of a AA size nickel-metal hydride cell; 

[0050] Fig. 12 is a graph plotting dP/dt and dT/dt vs. time during the charging of a 
nickel-metal hydride cell; 

(0051) Fig. 13 is a graph plotting dR/dt and its components vs. time during the 
charging a nickel-metal hydride cell; 

(0052] Fig. 14 is a perspective view of the label for the battery illustrated in Fig. 10; 
(0053 j Fig. 15 is an exploded assembly view of the label illustrated in Fig. 10; and 
|00>4| Fie 1 (MS a perspective view of the metal film layer of the label illustrated in 

|iM»^^l ? . ~ : graph plotting internal cell pressure (psig) vs. time (min) for a 

|oit^i.^ a graph plotting pressure, temperature, and voltage vs. time (min) 

lo- . . . : r . harging using a constant current charge, and subsequent 

d!-- : ' 

|005"| \ i j Ls a graph plotting internal pressure (psig) vs. time (min) for various 
cycL- iiurir.i: charging using a constant current charge, and subsequent discharging; 
|005Si 1 i L -0 is a graph plotting the pressure rise for the cell illustrated in Fig. 19 
durini: eharumg; 

|0059| Fiu. 21 is a graph plotting pressure fall for the cell illustrated in Fig. 19 
during discharging; 

100601 Fiu. 22 is a graph plotting pressure and temperature vs. time for cells at 
different cycles under a constant current charge; 

[0061 1 Fie. 23 is a graph plotting pressure vs. time for a plurality of cells at different 
cycles under a constant current charge; 

[0062] Fig. 24 is a graph plotting pressure, temperature, and current vs. time for 

plurality of cells under a constant voltage charge. 

10063J Fig. 25 is a graph plotting and comparing internal pressure vs. capacity 
during constant current charging versus constant voltage charging; 
[0064 1 Fig. 26 is a graph illustrating and comparing the current profile of two cells 
during charging under constant voltage versus constant current. 
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[0065] Fig. 27 is a graph plotting and comparing cell temperature vs, capacity for 
two cells charged under constant current versus constant voltage, respectively; 
[0066] Fig. 28 is a graph plotting and comparing the voltage profile vs. time for the 
two cells illustrated in Fig. 27; and 

100671 Fig. 29 is a graph plotting and comparing temperature and capacity vs. time 
during charging under varying constant voltages. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0068] Referring now to Fig. 2A, an axially extending cell includes a can 12 having 
closed end (not shown) and an open end 13 disposed opposite the open end and 
axially downstream therefrom. A cap assembly 10 includes a positive terminal end 
cap 1 8 that is secured in the open end of the negative can 12 to provide closure to 
the cell. In particular, the end cap assembly 10 and the open end of the can 12 are 
adapted in size and shape such that the end cap assembly 10 is sealingly 
accommodated in the open end by crimping the negative can 12 during assembly of 
a cylindrical rechargeable metal hydride cell. The closed end of the can is 
conventional and is not shown. 

10069) A positive (e.g., nickel hydroxide) electrode 14 is in removable electrical 
connection with the positive terminal cap 18, as will become more apparent from the 
description below. The cell further contains a negative electrode 21 (e.g., hydride 
electrode) that is in electrical connection with the can 12, and an alkaline electrolyte 
(e.g., potassium hydroxide) alone or in combination with other alkali metal 
hydroxides. The electrodes are disposed in an internal cavity 15, and are separated 
by a separator 16. A cell comprising the can 12 and the end cap assembly 10 of the 
invention can further comprise conventional positive 14 and negative 21 wound 
electrodes in its interior, although the relative size of these electrodes can be 
adjusted to meet the physical and electrical specifications of the cell. 
100701 The positive terminal cap 1 8 has a nipple 20 that is sized and shaped to 
provide a positive terminal to the cell having a pressure-responsive switch 11 
constructed in accordance with the present invention. The pressure-responsive 
switch 1 1 comprises a flexible non-conductive mono-stable grommet 22 adapted in 
size and shape to fit securely in the open end 13. Grommet includes a radially outer 
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seal 25, an inner hub 27, and an ann 29 that extends substantially radially and 
connects the seal to the hub, Grommet 22 further includes has a centrally disposed 
opening 15 extending axially through the hub 27 in which is seated a conductive 
spool-shaped connector 24 having a pair of oppositely disposed radially extending 
outer flanges 23. The space between the outer surface of grommet 22 and inner 
surface of terminal end cap 18 defines a cavity 17 in the end cap assembly 10. 
fOOTl] Connector 24 is securely fixed in the opening of grommet 22 such that the 
conductive coiuiector moves in concert with the grommet. A first armular 
conductive contact 26, which is a metal washer in accordance with the illustrated 
embodinjent, surrounds the hub of connector 24 and has an upper surface in 
electrical contact with the upper flange 23. A second annular conductive contact 28 
(which can also be a metal washer) surrounds the gronunet and is positioned axially 
upstream and adjacent the first contact 26. The first and second contacts 26, 28 are 
circular plates in Fig. 2A but they can be provided in other shapes, as illustrated, for 
example, in Figs. 3-5. Contact 28 has an upper surface 29 that is in electrical 
connection with the terminal cap, and in removable mechanical (and therefore 
eieclrical) connection with the bottom surface of the first contact 26, as will become 
more apparent fi-om the description below. 

|(>072| The gronunet 22 can be formed of any sufficiently flexible, nonconductive 
inert material that does not adversely impact the cell chemistry. Suitable materials 
include but are not limited to polypropylene, polyolefin and nylon and their 
equivalents. 

|0073| The outer seal 25 of grommet 22 includes an upwardly and radially inwardly 
cxiending peripheral lip 38 that is shaped and sized to form a tight seal with the open 
end of the can to provide a barrier between the interior and the exterior of the cell. 
The lip 38 also partially defines a cavity in the outer seal 25 in which the outer end 
ol ieiminal end cap 18 and second contact 28 are disposed. The lip 38 presents a 
radially outer convex surface to permit the can 12 to be crimped over the grommet 
22 during assembly of the cell. W^en the axially downstream end of can 12 is 
crimped over the grommet 22 during assembly, a tight seal is provided between the 
grommet 22, second contact 28, and terminal end cap 1 8 to isolate the interior of the 
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cell from the ambient environment. An optional sealant such as asphalt or lar can 
also be employed between the end cap assembly 10 and the can 12 to strengthen the 
seal. 

[0074] A flexible conductive tab 30 electrically connects the conductive connector 
24 to the positive electrode 14 in the interior of the cell. The conductive connector 
24 can be an eyelet or rivet that is secured in the central opening by crimping at its 
ends to provide flanges 23 that secure the hub 27 of grommet 22 and the first contact 
26. The conductive connector 24 is in electrical and physical contact with the first 
contact 26 thereby helping to secure the conductive connector 24 into position. 
(00751 Fjfi. 2 A illustrates the end cap assembly in a low pressure state, such that the 
grommet 22 is in its stable position. In this low pressure state, the positive 
electrodes 14 are in electrical connection with the positive terminal cap 18 via the 
conductive tab 30, connector 24, first contact 26, and second contact 28. 
Accordingly, the cell may be charged by introducing a recharging current or voltage 
to the cell. Advantageously, when internal pressure within the cell accumulates 
beyond a predetermined threshold, the grommet 22 flexes (reversibly) axially 
downstream along the direction of arrow A to bias the pressure-responsive from the 
first position illustrated in Fig. 2A to a second position illustrated in Fig. 2B. It 
should be appreciated that the predetermined threshold may depend on the intended 
type of charge being used (e.g. constant current, constant voltage, etc.), and may 
be determined by the material selected for the grommet, and thickness and flexibility 
of the arm 29. 

(00761 Referring now to Fig. 2B, when the internal pressure within the cell exceeds 
the predetermined threshold sufficient to flex the grommet 22, the hub 27 is 
translated axially downstream, thereby also translating the first contact axially 
downstream with respect from the second contact 28, and removing the electrical 
connection therebetween. As a result, an electrical connection at the nipple 20 will 
not transfer to the electrodes 14 within the cell, and further charging is prevented 
until the overpressure situation subsides. 

1 0077 1 Optionally, an insulating overpressure stop 32 can also be provided in an 
interior cavity defined by the nipple 20. The overpressure stop 32 can also be used 



14 



wo 02/35618 



PCT/USOl/32571 



to pre-load the contact pressure as desired and can limit motion of the conductive 
connector 24 in the direction of the nipple 20 when internal cell pressure is high. A 
stop washer 34 can also optionally be disposed between the second contact 28 and 
terminal end cap 1 8 to restrain the movement of the second contact when the 
grommet 22 flexes, thereby further insuring that the electrical connection will be 
severed between the two contacts during a high pressure state. 

10078) It should be appreciated that a plurality of cells could be installed in a battery 
pack and connected in series within a charger that is configured to supply a constant 
voltage or constant current charge to the cell. So long as at least one of the cells 
includes ji pressure responsive switch in accordance with the invention (assuming 
pressure accumulates similarly within each cell), charging will terminate once the 
pressure within that cell activates the switch to remove electrical communication 
between the end cap 1 8 and electrode 1 4. Alternatively, each cell could include the 
switch such that the charging of all cells would terminate once one of the cells 
reaches a maximum permissible internal pressure. Alternatively, the cells could be 
connected in parallel to a charging source, in which case each cell would include a 
pressure responsive switch in accordance with the present invention. 

10079) Figs. 2A-B also illustrate an optional a safety system for venting excess 
pressure (gas) from the cell when in an overpressure condition. In particular, the 
conductive connector 24 can define a centrally disposed pressure release channel 36 
extending axially there through. Accordingly, gas produced at the electrodes is able 
to flow axially downstream from the cell interior 15 and through channel 36 to end 
cap interior 1 7. The end cap 1 S also defines one or more outlets 35 extending there- 
through to enable the gas to flow fi-om the end cap assembly 10 to the outside 
environment. The outlet can be secured against undesired leakage with a seal (not 
shown) adapted in tensile strength to yield at a pre-selected pressure level to release 
gas from the cell. The seal can be reversible or irreversible. 

(00801 Ahematively, outlet(s) 35 may always be open to the environment, in which 
case a reversible airtight seal to the interior of the cell is maintained by blocking the 
pressure release channel 36. In particular, the overpressure stop 32 can also function 
as a overpressure release control if it is formed of a suitably deformable plastic 
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material such as rubber for sealing pressure release channel 36 and outlet(s) 35 (if 
not open to the environment). In addition to the deformable material shown, other 
structures for releaseably blocking the pressure release channel include, without 
limitation, a plug or a spring. When the internal cell pressure rises to a sufficiently 
high level, the block is urged away from channel 36 and from outlet(s) 35 to define a 
pressure release path from the cell interior to the outside environment. The pressure 
at which the vent system releases the cell internal pressure depends on how much 
internal pressure a battery can withstand; the plastic material of the overpressure 
stop 32 is selected to respond to a pressure at which venting is desired, but to remain 
securely jn place at lower pressures. Generally speaking, for a metal hydride 
rechargeable cell, the safety vent system responds to cell internal pressures of about 
600 psig and higher, more typically in the range of between about 1000 to 1200 
psig. 

(0081 1 The opening and closing of the pressure release path through channel 36 and 
outlet(s) 35 can be reversible but may also be made irreversible by employing a 
block made of materials that do not revert to a shape or size or position that can 
effectively block the pressure release path after a first pressure rise. It will be 
appreciated that blocks other than those disclosed herein can be employed in both 
reversible and irreversible vent systems, as will be described in more detail below. 
1 0082 1 Referring now to Fig. 3, one example of an end cap assembly having an 
irreversible vent is illustrated, in which like elements to those illustrated in Figs. 2A 
and 2B are identified by the same reference numerals. Fig. 5 illustrates these 
elements prior to being assembled into the can 12. 

100831 In accordance with this embodiment, the first contact 26 is not flat, but rather 
includes a flat central portion and four arms, each arm having a distal portion and a 
transition portion that connects the distal and central portions, which are not 
coplanar with each other. The central portion is in electrical contact with the 
conductive connector 24 and the second contact 28. The second contact 28 is 
electrically connected to end cap 18. Each distal portion of contact 26 is electrically 
isolated from the end cap 18 by an electrical isolator 40 that is disposed 
therebetween and aligned with the distal portion of contact 26. 
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[0084] When internal pressure builds up within the cell, grommet 22 flexes, thereby 
removing contact 26 from electrical communication with washer 28. The electrical 
coimection between terminal end cap 1 8 and the electrodes is also thereby removed. 
Insulator 40 limits the permissible axial movement of contact 26, and further 
prevents electrical conrununication between the distal ends of contact 26 and the end 
cap 1 8. The first contact 26 thus responds well in concert with the grommet 22 to 
changes in the internal cell pressure, and is well-suited to urging reversion of the 
switch to the low pressure position when internal pressure subsides, 
[0085] The venting system of Figs. 3-5 is also configured somewhat differently than 
that of Fig. 2 in that the pressure release channel is plugged with an adhesively- or 
frictionally-engaged frustoconical plug 42 adapted to be expelled from the channel 
at high internal cell pressures, for example between 500-900 psig. Referring to Fig. 
4, the insulator 40 may extend radially from terminal end cap 18 to plug 42. 
[0086] During operation, when the electrical connection is broken between electrical 
contacts 26 and 28, current flow^ drops to zero. This zero current flow can be 
detected by conventional charger circuitry (not shown) and can be interpreted as a 
signal that the cell is fully charged. The charger circuitry can then signal the end of 
charge condition. These circuits are considered to be conventional. More 
importantly, only complete current flow drop needs to be detected, rather than any 
more subtle change in pressure, voltage, temperature or rate of current flow as is 
typical in conventional metal hydride recharging systems. 

{00871 The internal cell pressure at which the pressure-responsive switch is biased 
from the low pressure position to the high pressure position (the "biasing pressure") 
can vary according to the size and shape of the battery, the charging rate and other 
charging conditions such as ambient temperature. For example, when the anode of a 
batters' has a much higher capacity than the cathode of the battery, the cell internal 
pressure at a low overcharge rale may be stabilized at a relatively low level such as 
30-50 psig. Similarly, the higher the charge rate, the higher the cell internal pressure 
will be when a battery approaches the full charge state or reaches an overcharge 
slate. Thus, when a switch is buill for a battery having a much higher capacity at the 
anode and/or when the batter>' will be charged at a very low rate, the biasing 
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pressure of the pressure-responsive switch should be low enough to ensure that 
charge can be stopped when the battery reaches a full charge or overcharge state. 
On the contrary, when a switch is used in a battery that has similar anode and 
cathode capacities, or when the battery will be charged at a high rate, the biasing 
pressure can be set at any level that satisfies battery safety concerns since there is no 
question that the cell internal pressure can reach the biasing pressure. 
[0088] Preferably, however, a pressure-responsive switch should have a switch 
pressure that is close to the internal pressure when the cell reaches the fiill charge 
state, to prevent problems such as overheating. One of ordinary skill in the art 
knows heftv to determine cell internal pressure at the point of full charge or 
overcharge. Generally speaking, for a fast nickel metal hydride rechargeable cell, a 
pressure-responsive switch may have a biasing pressure of between about 50 psig 
and 500 psig. It is preferable that the switch pressure is between 100 and 400 psig. 
It is most preferable that the switch pressure is between 200 and 300 psig. 
[00891 Referring now to Fig. 6, a reversible pressure responsive switch 100 
constructed in accordance with an alternate embodiment of the invention is disposed 
within a positive terminal cap 102 ai the open end of a nickel rechargeable cell 104. 
The cell 104 may be conventional apart from the cap and its electrical connection to 
the cell electrodes. Cells made according to the present invention may comprise 
wound positive 106 and negative 108 electrodes in its interior, wherein the negative 
electrode (such as a hydride electrode) is in electrical connection with a can 1 10 
having an open end and a closed end. and wherein the positive (e.g., nickel 
hydroxide) electrode is in electrical connection with the positive terminal cap 102 
thai is secured in the open end of the negative can 1 10. The cell contains an 
elecirol>ie, typically potassium hydroxide. 

10090) The open end of the cell 1 04 includes a cap assembly 1 12 constructed in 
accordance with the preferred embodiment, and disposed in the open end of the can 
1 10. The open end of the negative can 1 10 is shaped to sealingly accommodate the 
cap assembly 1 12 in the open end during manufacture. The closed end of the cell 
can is not depicted but is conventional. The cap assembly 1 12 includes the positive 
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terminal cap 102 and a pressure-responsive switch 100 constructed in accordance 
with the present invention. 

[0091] The pressure-responsive switch 100 comprises a grommet 1 14 that provides 
both a flexible seal and main spring, and has a centrally disposed conductive 
connector 1 16, or "rivet*' or "pin/* extending axially there-through. The grommet 
1 14 may be formed of any material that does not negatively interact A^nth the 
chemistry of the cell but which is sufficiently flexible to move in response to a 
pressure increase to bias the switch of the invention, as described above. The 
grommet 1 14 further includes an outwardly and upwardly extending lip 115 that is 
shaped and sized to fomi a tight seal with the open end of the can 1 10 to separate the 
interior of the cell from the exterior. The lip creates a radially inwardly facing void 
1 1 7 that is occupied by end cap assembly components, as will be described in more 
detail below. In the illustrated embodiment, the lip 115 has a convex outer surface 
to accommodate a concave inner surface of the can 110 that allows the can to be 
crimped into position during cell assembly. An optional sealant such as asphalt or tar 
can also be employed between the cap assembly 1 12 and the can 1 10 to further seal 
the open end. 

|0092| Toward the interior of the cell, a conductive tab 118 electrically connects the 
central conductive pin 1 16 to the positive electrode 106. Toward the exterior of the 
cell, the central pin 1 16 is also in electrical contact with a contact ring 120 which 
also serves to secure the central pin into its position. Contact ring 120 is a washer 
that surrounds the central pin 1 16 and, along with contact plate 122, is disposed in 
an internal cavity 126 that is defined by the positive terminal cap 102 and the 
flexible grommet 1 14. Contact ring 120 is thus in constant electrical communication 
with ihe ceniral pin 1 16. Secured in the void 1 17 are a circular conductive contact 
plate 122 and the positive terminal cap 102 having a nipple 124 sized and shaped to 
provide a standard positive terminal for the cell 104. The contact plate 122 is thus in 
electrical connection with both of the aforementioned positive end cap 102 and the 
contact ring 120 when the cell 104 is in the low-pressure state illustrated in Fig. 6. 
Accordingly, the nipple 124 is in electrical communication with the electrode 106 
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via end cap 102, contact plate 122, contact ring 120, central conductor 1 16, and tab 
118. 

100931 In operation, the gronunet 1 14 flexes outwardly in response to high internal 
cell pressure. When the internal cell pressure is sufficiently great to cause the 
grommet 114 to flex, the central pin 1 16 is urged toward the over-pressure stop 128, 
thereby biasing contact plate 120 axially away from contact plate 122 (not shown). 
The electrical connection between contact ring 120 and the contact plate 122 
terminates, thereby terminating the electrical communication between the nipple 124 
and electrode 106. Further charging is thus prevented. Advantageously, the switch 
100 is reversible, in that the connection between contact ring 120 and contact plate 
is reestablished once the overpressure situation subsides. Also provided on an inner 
surface of the positive terminal cap nipple 124 in the cap assembly 1 12 cavity is a 
non-conductive over-pressure stop 128 which can also be used to pre-load the 
contact pressure as desired. 

J00941 As described above, once the overpressure situation exists within the cell 
104, the electrical contact is broken between contacts 120 and 122, current flow 
within the cell 1 04 drops to zero. This zero current flow can be detected by 
conventional charger circuitry and can be interpreted as a signal that the cell is fully 
charged. The charger circuitry can then signal the charge termination. These 
circuits are considered to be conventional. As was noted above, the rise in pressure, 
which follows gassing in the cell, precedes the damaging temperature rise that 
shortens cell cycle life. 

10095J Referring now to Fig. 7, a reversible pressure-responsive switch 150 is 
illustrated in accordance with an alternate embodiment of the invention. In 
particular, cell 154 comprises a negative can 1 52 having an open end that is shaped 
to accommodate and seal the cap assembly 172 in the open end during manufacture. 
The remainder of the cell can is conventional. The cap assembly 172 includes the 
positive terminal cap 1 56 having a nipple 1 57 that is sized and shaped to provide a 
positive terminal to the cell. 

100961 The regulating switch 150 illustrated in Fig. 7 includes a flexible grommet 
1 58 adapted in size and shape to fit securely in the open end and having a central 



20 

NSDOCID: <WO ^023561 8Al_L> 



wo 02/35618 



PCT/USOl/32571 



opening there through. A conductive connector 160 is securely fixed in the central 
opening such that the conductive connector moves in concert with the flexible 
grommet 152. A first conductive contact 162 surrounds the connector 160 and is in 
constant electrical communication therewith. A second conductive contact 164 
extends radially inwardly from the radially outer wall of grommet 158 such that at 
least a portion of its upper surface is axially aligned and in severable contact with 
the lower surface of contact 162. A stop 166 is disposed axially downstream from 
contact 162, and limits the axial displacement of the grommet 158. An insulating 
layer 168 is disposed between contact 162 and the stop 166. Accordingly, the stop 
1 66 doe^not form part of the electrical circuit. 

[0097] The grommet 158 may be formed of any sufficiently flexible, nonconductive 
inert material that does not adversely impact the cell chemistry.. Suitable materials 
include, but are not limited to polypropylene, polyolefin and nylon and their 
equivalents. Depending on the configuration of the switch elements, the switch 150 
may be responsive to pressure, temperature, or both, as will become more apparent 
from the description below. 

[0098) The terminal cap 156 and the flexible grommet 158 define a cavity 170 
within the cap assembly 172 in which the first and second contacts 162 and 164, and 
Slop 166 are provided. While the first and second contacts 162 and 1 64 are circular 
washers plates as illustrated in Fig. 7, they may be provided in other shapes and _ 
sizes, as described above. The second contact 1 64 includes three protrusions 1 74 
proximal its radially inner edge that extend axially towards the first contact 162 and 
are spaced 120° from each other. When the internal pressure is less than a 
predetennined threshold, determined in large part by the flexibility of grommet 158, 
the protrusions 174 are in connection with the lower surface of the first contact 162, 
thereby completing the electrical circuit and permitting the cell to be charged. 
10099) Toward the interior of the cell, a conductive tab (not shown) electrically 
connects the central conductive pin 160 to the positive electrode in the manner 
described above. The hub of grommet 158 ftirther serves to secure the central pin 
1 60 in its proper position. Secured in the peripheral lip of the grommet 1 58 are the 
circular conductive contact plate 164 and positive terminal cap 156. The contact 
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plate 164 is in electrical connection with both of the aforementioned positive end 
cap and the contact ring 1 62, although the latter connection is disconnected when the 
high temperature or pressure condition exists. 

[001 001 As described above, the end cap assembly 1 72 can also comprise a 

system for venting pressure from the cell, ^\^en the assembly comprises a vent 
system, the conductive connector 1 60 can define there through a pressure release 
channel for gas to flow from the cell interior on a first side of the flexible grommet 
158 into the end cap assembly 172 on the second side similarly described in Figure 3 
and Figure 4. The battery end cap 156 also defines one or more outlets 1 76 
extending therethrough for gas to flow from the end cap assembly 1 72 to the outside 
environment. The vent mechanism (DELETE seal 4) can be reversible or 
irreversible. If the described vent system is not employed, other vent means can be 
provided. 

[00101] In operation, the gronrunet 158, flexes (reversibly) axially 

downstream towards the positive end cap 1 56 and against the spring force of stop 
166 in response to high internal cell pressure. The regulating switch 150 is thus 
biased from the closed position (illustrated in Fig. 7) to an open position (not 
shown), in which the central pin 160 moves axially downstream in concert with the 
grommet 158. Accordingly, the first electrical contact 162 becomes displaced from 
the second contact 164 and free from protrusion 174. The electrical contact between 
the contact ring 162 and the contact plate 164 is thus broken, and further charging is 
prevented, until the overpressure situation subsides and the grommet returns to the 
position illustrated in Fig. 7, and the electrical connection between contacts 162 and 
164 is reestablished. 

[001 021 The stop 1 66 illustrated in Fig. 7 may further be manufactured from a 

temperature-responsive material that changes shape when a predefined temperature 
is attained. In this way, a stop can be fashioned to reversibly deflect or deform at a 
certain internal cell temperature, thereby reducing or removing the preload force on 
the central pin and reducing the pressure required to break electrical contact between 
the contact ring and the contact plate. In this way, a potentially harmful temperature 
rise is prevented, even if no overpressure condition exists within the cell. In 
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operation, when the cell reaches a predefined temperature, the stop 166 can 
reversibly deflect or deform and pull the conductive connector 162 away from the 
contact plate 164, thus breaking electrical contact between the contact ring and the 
contact plate. Alternatively, the stop 166 can be connected to the conductive 
connector or central pin 160 and the top capl56. 

1001 03) While any temperature-responsive material can be used, the stop is 

preferably formed from a bimetal composed of two layers of metals or alloys or 
otiier materials with different coefficients of thermal expansion. One layer has a 
hrjiicr thermal expansion and the other layer has a lower thermal expansion. This 

. -;- h::!i, t.:. to deflect or deform in response to temperature in a way that can 
.! • . c hoice of metals or alloys used in each layer. Alternatively, a 

! J* L rial can be used to form the temperature-responsive stop 166, 

• : anium alloy. 

|on! iM| lemperature-responsive stop 166 can additionally operate as a 

pre - ..■ r.cstop. Shape memory materials include alloys of Nickel- 

1 i;.iT::ij:!. \ .»p:>cr-Zinc -Aluminum, or Copper-Aluminum-Nickel. These materials Cp 
arc pr ; *:::iLtl to the concave disc shape 166 as shown to act as the spring and to ^ 
appl> .1 pr I - determined amount force that will hold the conductive contact 162 and ^ 
cop.ia;. i piaiv 164 together for electrical continuity. These materials have the ability ^ 
to dciv^rrii and flatten out when heated to a pre-determined temperature or become ^ 
flaiten oui also when internal pressure reaches a pre-determined value. It has been j5 
found !hai the most desirable temperature range for these materials to work with ^ 
nickel-mcial hydride or nickel-cadmium cells is between 70 deg C and 100 deg C. Q 
1 001 05 1 It should be further appreciated that the stops illustrated in 

accordance with any of the previous embodiments may also be constructed to be 
responsive to temperature and/or pressure. 

100106] As described above, the charger may conclude that charging has 

lemiinaied based on a zero current flow within the cell, or when charging time has 
reached a pre-determined value. The charger may then either discontinue the 
charge, or it could continue charging, in which case the pressure responsive switch 
will continue to open and close. The charging would therefore continue until a timer 



23 

4SOOCID: <WO 023S618A1 J_> 



wo 02/35618 



PCT/USOl/32571 



reaches a termination point at a pre-set value. This charging mode can be 
particularly advantageous when charging at a rate faster than 30 minutes, where 
pressure increases significantly when the cell is approaching a fully charge state, and 
the on-off of current provided by the pressure switching mechanism will continue to 
top up the charge to the maximum charge state. If the cell is being charged under 
constant voltage, constant current or alternating current at a very charge fast rate 
(charge tenmination within 30 minutes or less) the cell may be only charged to 
approximately 70-90%, as it is known that internal cell pressure increases ahead of a 
full cell charge during charging. The present inventors have determined that a 
constanl^'oltage charge is more advantageous than a constant current or alternating 
when achieving a very fast charge rate (charge termination in 30 minutes or less), 
because charge current continues to decrease toward the end of charge with constant 
voltage, and as the result, pressure and temperature are not rising as quick in 
comparison to charging with a constant current. For example, up to 85-90% of 
charge can be achieved with constant voltage before the opening of the switch in 
comparison to 80-85% with alternating current and 65-70% with constant current. 
In some instances, the fast charging accomplished using the switch presented in 
accordance with the present invention offsets the disadvantage associated with the 
partial charging of the cell. 

1 001 071 In other instances, it may be desirable to sacrifice time to ensure that 

the cell has become fully charged. In this instance, once the charger detects a zero- 
current, it waits until the internal pressure within the cell subsides and then measures 
the OCV for the cell (a pressure release vent would be particularly advantageous in 
such cells to minimize the cell depressurization time). Based on the OCV, the 
charger may determine whether the cell has been fully charged. 
|001 08] For example, it is known that a fully charged metal hydride cell will 

have an OCV of 1 .42 V. Accordingly, if the OCV of the cell is being charged has 
exceeded a predetermined threshold of 1 .42- 1 .48V, the charger would determine 
that the cell is fully charged. Otherwise, the charger will conclude that the cell has 
not yet been fully charged. Accordingly, once pressure within the cell has dissipated 
such that the electrical connection between contacts is established, the charger will 



wo 02/35618 



PCT/USOl/32571 



again subject the cell to the alternating or constant current charge until the internal 
pressure within the cell breaks the electrical connection. This iterative process may 
continue until the cell reaches a predetermined OCV or a predetermined number of 
iterations, at which point the charger will provide an appropriate message to the 
user, for example by illuminating an indicator. Alternatively, the user could select a 
charge termination (e.g., 80% capacity), at which point the charger would calculate 
the corresponding OCV and terminate charging when the cell has reached the user- 
selected charge termination threshold. 

fOOl 09] This process would be more desirable when using constant current or 

alternating current charging, as pressure is known to build up significantly before 
the cell is fiilly charged. If a constant voltage charge is applied to the cell, it would 
be expected that the cell would be substantially fiiUy charged after the first iteration, 
thereby allowing the charger to detect a zero current and indicate that the cell is fully 
charged. W^ile the zero current flow method described above could also be used in 
combination with constant current and alternating current charging, the cell may not 
be fully charged when the first iteration terminates. 

|001 10] One advantage of the reversible switches illustrated and described in 

accordance with the present invention is that detection of charge termination is not 
dependent of oxygen recombination. Therefore, there is no longer any need to 
provide excess anode capacity. Oxygen at the cathode and hydrogen at the anode 
can be evolved. Both gasses contribute to the pressure. In this case, the anode 
capacity can be made equal to the cathode capacity, for a net increase in cell 
capacity. When charging current slops, oxygen recombines with hydrogen to form 
water: 1 /2O2 + H2 H2O. 

(001 1 1 1 Another advantage is that a non gas-permeable separator may be 

used. This eliminates the needs for having open flow channels within the separator 
for the gas to be recombined with anode, which had contributed to separator dry out 
and limited cell cycle life. With the pressure-responsive switch of the invention, 
additional electrolyte can fill in the channels. Therefore, cycle Hfe and discharge 
efficiency would be increased. 
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[00112] Another advantage is that sophisticated analytical circuitry is not 

employed for detecting an end-of-charge condition, thereby reducing the cost of an 
associated charger device. 

[001 1 3| Another advantage is that charging can proceed at a faster rate than in 

prior cells. For example, a rechargeable metal hydride battery according to the 
invention can be charged in 45 minutes or less, preferably in 30 minutes or less, and 
most preferably in 20 minutes or less, even 10 to 15 minutes for a NiMH 1.3 Ah AA 
cell, whereas conventional cells require about 1 hour or more to charge (1.2C), The 
chari:iriL* rale can be accelerated because the invention eliminates the concerns about 

. r:-'; ^;tv .iTv.: high temperature conditions at the end of charging. In this regard, 
' ne achieved at rate less than an hour, 

M^«»M 4: \-: *ther advantage is that a cell of the present invention can have a 

ly- ' • ^an a conventional rechargeable metal hydride batter>'. This is 

: »'^structed in accordance with the present invention can have a 

ijr. . - . .1? . . anode material to cathode material. Unlike prior art cells, in 
whu r ^iu»Jl has an excess capacity of greater by 40-50% more than the cathode, 
a cci: I : v.yj present invention can have a ratio of anywhere between .9:1 - 1.5:1 by 
wciL'iV: i»t anode material to cathode material in accordance with the preferred 
emKHiiiiicnt. 

(001 1 5| Another advantage is that a gas impermeable separator may be 

impienicnied, which may be manufactured thinner and denser than the prior art, 
leaving more room for electrolyte within the cell. Cycle life is thereby increased, as 
is discharge efficiency. 

|001 1 6| In particular, oxygen at the cathode and hydrogen at the anode can be 

evolved dunng charging. Both gasses contribute to the pressure. In this case, the 
anode capacity can be made equal to the cathode capacity, for a net increase in cell 
capacity. When charging current stops, oxygen recombines with hydrogen to form 
water: i/202 H2 — ^ H^O. Because, in such an embodiment, the separator may be 
gas impermeable, the limitation on electrolyte filling for preventing the separator to 
be totally saturated in prior art cells is eliminated. 
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[001 1 7] Furthermore, whereas the cathode of prior art rechargeable metal 

hydride cells typically comprise type AB5 alloys, it also possible to employ the 
higher-capacity AB2 alloys that have traditionally been disfavored in such cells 
because of overpressure concerns. 

(001 1 81 The present invention further includes a method of charging a cell or 

a plurality of cells that contain the pressure-responsive switch of the present 
invention. The method comprises the steps of connecting the cell(s) to a power 
source, such as a dedicated charger, charging the cell(s) until the cell internal 
pressure reaches a predeteraiined level whereupon the switch is biased to the high- 
pressure j)osition and the charging circuit is interrupted. When the charging circuit 
is interrupted, the drop in charging current to zero can be manually or automatically 
noted. A charger used to charge the battery can include circuitry for detecting zero 
charging current or a timer set to a pre-determined value or terminating, and an 
indicator for displaying that the charge has terminated. Alternatively, as described 
above, the charger could undergo a plurality of charging iterations to provide a full 
charge to the cell. 

1 001 19) While any type of method may be used to charge a cell incorporating 

a reversible switch in accordance with the present invention, a constant voltage 
ciiarging method is preferred, since the current is allowed to seek its own decreasing 
level as charging proceeds without concern that the cell will be subject to 
overcharging or overpressure. With constant applied voltage charge method, as the 
cell voltage increases during charge, the current is automatically reduced toward the 
end of charge. Accordingly, the charging current is high at the beginning of 
charging when the cell's charge acceptance is high, and tapers to a lower charge 
current toward end of charge when the celFs charge acceptance is reduced. No 
expensive and complicated charging control is necessar>'. The current flowing into 
ihe cell is regulated by the cell internal resistance and the cell's own state of charge. 
When the cell reaches full charge, the increasing internal pressure will activate the 
pressure switch to interrupt charging. Accordingly, when the charger indicates that 
the charging has terminated, the cell will be at or near fiill charge. 
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[00120] Advantageously, strings of cells in parallel can be charged with the 

same voltage source. Multiple cells in series may also be charged together in 
accordance with the present invention by receiving the charging voltage that is equal 
to the open circuit voltage of the cell plus the over-voltage caused by cell internal 
resistance and the predisposed resistance of the circuit. Advantageously, with 
constant voltage charge, an even faster charge rate than that of constant current 
charge can be reached due to the ability to increase the charging current at the 
beginning of the charge when the cell can accept higher currents. 
[00121] It should be appreciated, however, that the present invention is 

equally ^plicable to constant current and alternating current charges. As described 
above, it is known that the pressure inside metal hydride cells rises rapidly when cell 
charging is essentially complete. As was noted above, the rise in pressure, which 
follows gassing in the cell, precedes the damaging temperature rise that may shorten 
cell cycle life. Thus it is desired to terminate charging when the pressure begins to 
rise and prior to onset of a destructive overpressure condition. 

EXAMPLES 

(00122) For a nickel metal hydride cell to be charged in 15 minutes or less, 

the preferred constant charging voltage is about 1 .6V to 1 .65V for a AA cell with 
30-40 mOhm intemal resistance determined by voltage difference between cell OCV 
cell voltage at 6 seconds interval at 10 amperes current. For cell with lower intemal 
resistance (C-size cells, for example, having intemal resistance of 10-20 mOhms), 
charging voltage lower than 1 .6V but higher than 1 .5V can be applied. The 
inventors have determined empirically that constant voltage charging is preferred 
when the ambient temperature is above freezing while constant current charging is 
preferred when the ambient temperature is below freezing. 

|001 23] Commercial AA and AAA nickel metal hydride cells containing a 

pressure-responsive switch in the end cap assembly were fully charged in 15 to 30 
minutes and charging was terminated when the pressure-responsive switched was 
biased into the high pressure condition. The pressure signal was consistent and 
reproducible even with extended cycling. Constant voltage charging method was 
shown to be more favorable when ambient temperature is above freezing. Constant 
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current method is more effective when ambient temperature is below freezing. The 
slope of pressure rise and fall of AA NiMH consimier cells remained relatively 
constant during the course of cycling. The current-tapering effect when using 
constant voltage resulted in a lower pressure rise over time for the cell to become 
fuHy charged. The drop in current also produced lower temperature rise for the 
same charging period. Charging was demonstrated to be faster at higher voltages, 
although a higher cell temperature was also noted under such conditions. 
[00124] As described above, it is known that the pressure inside metal hydride 

cells rises rapidly when cell charging is essentially complete. In particular, the rise 
in pressure, which follows gassing in the cell, precedes the damaging temperature 
rise that shortens cell cycle life. Thus it is desired to charge the cells in a manner 
that reduces the possibility of a destructive overpressure or overheating condition. 
(00125) A constant current charging method or a constant voltage charging 

method or a combination method, for example, constant current followed by 
constant voltage, can be employed in accordance with the present invention. An 
alternating current charging method can be preferred, since the current is modulated, 
thus reducing the chance of overcharging, overpressure or overheating. No 
expensive and complicated charging control electronic circuitry is necessary. 
1 001 26| The nature of the alternating current or voltage waveform is t3T>ically, 

but not exclusively, sinusoidal. Full or half wave rectification may be applied to the 
alternating current or voltage waveform. 

1001271. Fig. 8 illustrates the cell pressure and temperature for a 1600 mAh 
nickel metal hydride cell charged using an alternating current derived from common 
60 Hz line power that was full wave rectified to yield a 120 Hz alternating current 

frequency. The change in cell pressure and temperature are lower at the end of 
charge compared with a constant, or direct, current charge. 

|00I28] Fig. 9 shows the cell pressure and temperature for a 1600 mAh nickel 

metal hydride cell charged using an alternating current as in Fig. 8. The change in 
cell pressure and temperature are lower at the end of charge compared with a 
constant, or direct, voltage charge. 
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[001 29J The examples illustrated herein utilize a full wave rectified current 

derived from common 60 Hz line power. Other embodiments encompassed by the 
present disclosure include full wave rectified alternating voltage or half wave 
rectified sinusoidal alternating current or voltage. Another embodiment is an 
alternating current or voltage charge of any fi-equency. Another embodiment is an 
alternating current or voltage comprised of any waveform, including square wave, 
triangle wave (or sawtooth wave), or any arbitrary waveform or combination of 
waveforms. Another embodiment is the combination of rectified and unrectified 
alternating current or voltage composed of any frequency or combination of 
frequen(^es, or any waveform or combination of waveforms. Advantageously, any 
of these charging methods may be utilized by a cell having a pressure-responsive 
switch as described above. 

[00130) Referring now to Fig. 10, an apparatus for determining a charge 

terminating point is illustrated in accordance with an alternate embodiment of the 
invention. In particular, a conventional rechargeable AA battery 210 has a positive 
terminal end 21 1 and a negative terminal end 213. While the battery 210 has a 
nickel-metal hydride cell in accordance with the preferred embodiment, it should be 
apparent to one having ordinary skill in the art that any nickel-based rechargeable 
cell of any suitable size could be used in accordance with the present invention. The 
battery has been modified to include a label 212 wrapped around the outer surface 
thereof having an integral metallic film strain gauge 214, which comprises 
conslantan in accordance with the preferred embodiment. The ends of the gauge 
214 terminate at both ends with a corresponding pair of contact bands 216 which 
also wrap around the cell and are conductive and in electrical communication with 
both ends, respectively, of the strain gauge so as to allow the resistance of strain 
gauge to be measured, as will be described in more detail below. 
100131) Referring now also to Figs. 14-16, the label 212 is a laminate 

comprising, begiru^ing at its radially inner surface, an adhesive layer 244, followed 
by an insulating layer 242, the metal layer 240 having metal film 214 arranged in a 
"serpentine" configuration and the pair of contact bands 216 positioned on either 
side of the film 214, and finally an outer insulating layer 238 having graphics 
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applied to its outer surface. The outer insulating layer contains a pair of apertures 
239 extending there- through aligned with the at least a portion of the pair of contact 
bands 216 such that the bands remain exposed and accessible to contacts 234 and 
236 in the charger 218, as will be described below. The label 212 is then wrapped 
around battery 210 such that the film 214 provides a strain gauge that indicates 
expansion of the outer surface of the battery, as will be described in more detail 
below. The metal film 214 could altematively be configured in a helical 
arrangement, though this would require the film layer 240 to be wrapped several 
times around the battery 210, adding cost and complexity to the fabrication process. 
100132 1 ^ Battery 210 is thus operable to be placed in a conventional battery 
charger 218 that is configured to receive multiple batteries having various sizes. In 
particular, a first wall 220 extends vertically fi-om base 222 of charger 218 and has a 
positive contact 224. A second wall 226 extends vertically fi-om the opposite side of 
base 222, and defines a battery enclosure 228. A slideable wall 230 has a negative 
spring contact 232, so as to enable a recharging current to flow through batter>' 210. 
In accordance with the preferred embodiment, charger 218 supplies a constant 
current to battery 210, though it is appreciated that constant voltage charges are also 
available and compatible with the present invention. 

I00133I In order to accommodate batteries having various sizes, wall 230 is 

slide-able along a guide rail (not shown) in the direction of arrows A and B to 
accommodate batteries having reduced and greater lengths, respectively. A pair of 
contacts 234 and 236 extend upwardly from base 222 and are spring-mounted so as 
to engage the contact bands 216 of batter\' 210 regardless of the radial orientation of 
the battery within the charger 2 1 8. Contacts 234 and 236 are further electrically 
connected to control circuitry or a microprocessor or the like (not shown) in charger 
1 1 S thai is programmed to determine the charge termination point, as will be 
described in more detail below. 

|00134| Contacts 234 and 236 are additionally displaced fi-om positive 

lenminal end 211 by a predetermined distance Dl, and contact 236 is displaced from 
contact 234 by a predetermined distance D2. Accordingly, the bands 216 are also 
manufactured so as to be displaced fi-om the positive terminal 224 by Dl and D2, 
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respectively regardless of the size of the battery. As a result, the contacts 234 and 
236 will be axially aligned with the bands 216 of a battery, regardless of its size. 
Furthermore, because the contacts 234 and 236 are displaceable in the radial 
direction under spring force, they may engage any size cyhndrical cell including, but 
not limited to, sizes AAA, C, and D cells. The present invention envisions that 
positive contact 224 could alternatively be slide-able, and the bands 216 and 
contacts 234 and 236 be positioned at a predetermined distance from negative 
contact 232. The charger could further be configured to accept the terminal ends of 
a 9-volt battery, as would be appreciatedi^y those having ordinary skill in the art. 
[001351 While the rates of change in voltage and temperature have been used 

in accordance with conventional charge termination systems, and are theoretically 
usable to provide a charge termination point, these values change slowly are lag 
behind the actual charging of the battery. Accordingly, these prior art systems risk 
overcharging the cell, thus causing potential hazards, unless the battery is charged at 
a slow rate, which is undesirable to the end user. 

[001361 Because a rechargeable cell accumulates pressure during charging, 
the outer surface of the battery consequently expands, thereby also expanding strain 
gauge 214 and varying its resistance. The temperature of battery 210 also increases 
during charging, which causes further expansion of the outer surface of the battery, 
thereby further affecting the resistance of strain gauge 214. Furthermore, the rates 
of change in temperature and pressure within the cell 210, and thus the resistance of 
gauge 214, vary as a function of time in a predictable manner as the battery 
approaches its charge termination point. In accordance with the preferred 
embodiment, the rate of change of resistance of strain gauge 214 (dR/dt) is measured 
by the processor to provide an indication of the charge termination point. The rate 
of expansion of the outer wall of battery 210 is thus used to determine the charge 
termination point. The following equations are used to relate a change in resistance 
AR to the change in pressure AP and change in temperature AT: 



A£)/Z) = Z)AP/2/£ 



(I) 



AR/R^k^ik^AT-^ DAP 1 2tE) 



(2) 
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[00137] where kg is the gauge factor, T is temperature, ki is the thermal 

expansion coefficient of the can material, D is the cell diameter prior to charging, E 
is Young's Modulus of the can materiaU P is the internal pressure of battery 210, 
and t is the thickness of the outer wall of the can prior to charging. The derivation 
of Equation 2 with respect to time produces: 

{00138] Because of the state of charge of a given cell is not known when the 

cell is initially placed into the charger 218, and since the nominal resistance of the 
particular strain gauge 214 on a given cell is not known, detecting an absolute value 
of pressure or temperature would not be possible with this method. Hovvever, the 
rates of change of pressure, temperature, and resistance are measurable and behave 
in a predictable manner, and thus may be used as a criteria for determining the 
charge termination point. Although the gauge 214 is sensitive to both pressure and 
temperature, the contribution from the rate of change of pressure is significantly 
greater than that of temperature towards the end of the charging period, and thus will 
dominate. As a result, the slow reaction of the rate of temperature change will not 
adversely affect the determination of the charge termination point. If it is desired to 
determine the charge termination point for a plurality of batteries wired in series, the 
contact bands 216, and thus the strain gauges 214, may also be wired in series and 
the total rate of change of the desired parameter (either pressure or resistance) may 
be determined. 

100139] The resistance R of strain gauge 214 may be determined by supplying 

an electrical current to contact bands 216, and measuring the drop in voltage across 
strain gauge 214. Alternatively, and as is appreciated by those having ordinary skill 
in the art, a bridge circuit may be used to amplify the signal changes from strain 
gauge 214. The resistance is constantly sampled during charging until its the rate of 
change meets a predetermined threshold criteria, thus indicating the charge 
termination point. At this time, an indicator on charger 218 (not shown) may be 
activated to alert a user, and the charger will be discontinue its charging current 
from the batter>' 210. Accordingly, a reliable indicator is provided for indicating a 
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charge termination point for fast charging assemblies, which may fully charge a 
depleted battery in less than 230 minutes. 

(00140) The present invention takes advantage of the inherent responses of 

conventional batteries during charging. As a result, label 212 may be 
advantageously applied to any pre-existing conventional nickel-based (or 
equivalent) rechargeable battery in the manner described above to render it 
compatible with the present invention. 

[00141 1 It should further be appreciated that the present invention may be 

implemented in recharging battery packs, such as a cellular phone and the like. 
These battery-^acks would include a plurality of cells connected in series having a 
plurality of strain gauges corresponding to each cell and also connected in series to 
an additional contact on the battery pack for electrical communication with control 
circuitry in the charger to determine the rates of change in pressure, temperature, 
and resistance, as described above. Alternatively, the cells could be placed in a 
charger, and connected in parallel during charging, as described above with respect 
to the pressure switch. 

(00142] In order to empirically determine the charge termination point of a 

size AA battery based on the rates of change in resistance and/or pressure, a nickel- 
metal hydride AA cell was tested. The empirical results that will now be described 
could then used to program the control ciTCuilr>' in charger 218 to determine the 
charge termination point of a given cell. It should be appreciated that the following 
is merely an example of one specific celK and that results may vary from one cell to 
the other. Accordingly, the present invention is in no way to be limited to the results 
illustrated below. Rather, the results are described below to demonstrate the rate of 
change of resistance and/or pressure thai correspond to the charge termination point 
of a given cell, which may then be used to program control circuitry of the charger 
21 S in accordance with the preferred embodiment. 

[00] 43] The test battery was placed in a laboratory battery charger and was 

subjected to a constant recharging current. The charge time, current, and voltage 
were measured along with the pressure and temperature within the cell, using 
corresponding pressure and temperature gauges. Using Equations 1-3, various 



34 



wo 02/35618 



PCT/USOl/32571 



values were calculated, such as: dP/dt; dT/dt; R*kg*(D/2Et)*dP/dt; R*kg*kt*dT/dt; 
and dR/dt. 

[00144) The charge termination point of the battery was known based on the 

pressure of the cell, at which point the values of Equation 3 were determined to 
conespondingly provide threshold rate values when charging a similar AA cell. It is 
appreciated that varying cells having varying remaining charges at the 
commencement of charging will also have varying charge times. However, the 
hvhavior associated with the rate of change of pressure, resistance, and temperature 
t^v c: wuvj u in f criKiin predictable among a plurality of cells. The results are plotted 
r - I . • - 'J ■ ' 

pMti j'.is example, the values of R and kg were selected to correlate with 

, jlly available strain gage. It was then was determined that a 

lir . .:!vydt = .055 ohms per minute corresponded to the charge 

w::-: ' \ threshold value of dP/dt = 55 PSI/min also corresponded with 

vi ... . . u - v-.i.ition point. 
jUO 1 4u\ \ccordingly, these values may be programmed into control circuitry 

in ch.r : J 1 ^. which would then be able to identify the charge termination point of 
baucr. Jin either by (1) measuring dR/dt directly and comparing it to a threshold 
vakiL-. o! i2) measuring dR/dt along with dT/dt (using a temperature sensor in 
charucr 2 1 ^ ilial is in thermal communication with the battery being charged) to 
correspond iui^ly calculate dP/dt, and compare that value to a predetermined 
threshold- The thermocouple in the charger is in close proximity to the cell. It 
should be appreciated that a thermocouple could be individually associated with 
each cell hcing charged or, altemalively, a single thermocouple could be used to 
provide an ;ulcquule approximation ofeach cell. 

{00147} Reierring now to Fig. 1 7. cell internal pressure vs. time is illustrated 

for a group of four 1600 mAh Nickel Metal hydride cells being charged with a 
constant voltage at 1.65V. The internal pressure rises to 300 psig as the cells reach 
full charge in 12 minutes. The pressure returns to the initial state following 
discharge of the cells. This demonstrates that the internal pressure of Nickel Metal 
Hydride cell rises and falls in a predictable manner, which can be use as a reliable 
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signal to terminate charge under very high rate of charge. Groups of cells can thus 
be charged and discharged reliably with pressure as charge termination signal. 
[00148] Referring now to Figs. 18, typical charging and discharging 

characteristics of a 1300 mAh NiMH cell were measured under a constant current 
charge of 3 A followed by a lA discharge to IV. The pressure, temperature, and 
vohage were measured, and plotted vs. time. This illustrates that pressure is a much 
stronger signal for charge termination than temperature and voltage. Pressure rises 
at much faster rate than temperature and voltage, therefore pressure is a more 
suitable signal than temperature and voltage for charge termination. 
[00149]^ Referring now to Fig. 19-21, the slope of pressure rise and fall 
remained relatively constant during the course of cycling in comparison to the 
voltage illustrated in Fig. 22. This further indicates the reliability of pressure as an 
indicia for the charge termination point of a cell. 

1 001 50] Referring to Fig. 23, three 1 600 mAh Nickel Metal hydride cells 

were subjected to a 3.7A constant current charge and discharge for 150 times. The 
internal pressure of the cells was shown at cycle 1, and at cycle 150, and plotted vs. 
time. This further illustrated that pressure signal is reproducible with cycle life and 
different cell size and capacity. 

1001511 Referring to Fig. 24, two even smaller 550 mAh Nickel metal hydride 

cells were connected in series and charged with a constant voltage charge source at 
1 .65 V per cell. The internal pressure, temperature, and Amperage were measured 
and plotted vs. time. 

100152] Fig. 25 illustrates internal cell pressure as a function of capacity for a 

first cell charged under a constant current at 6 A, and a second cell charged under 
constant voltage at 1.65V. Fig. 26 illustrates cell current as a function of capacity 
for the first and second cells. Fig. 27 illustrates internal cell temperature as a 
function of capacity for the first and second cells. Fig. 28 illustrates cell voltage as a 
function of capacity for the first and second cells. As illustrated, one significant 
advantage of constant voltage over constant current is the ability of charging current 
to taper towards then end of the charge as cell voltage rises closer to the applied 
voltage. The tapering effect results in a lower pressure rise and lower temperature 
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rise at end of charge, thereby allowing the cell to become more fully charged. The 
drop in current also produces a net lower temperature rises for the same charging 
period. 

1001531 Referring now to Fig. 29, cell temperature and charge input capacity 

are plotted as a function of time for two cells charged under two different voltage 
conditions. It may be observed that a higher charge voltage produces a higher 
charge current for a cell having the same internal resistance. Accordingly, charging 
is quicker at higher voltage, but the cell is also hotter at higher charge voltage. This 
figure further illustrates that at higher charge voltages, the cell reaches higher charge 
state sooner. This also shows that as the pressure activated switch opens in case of 
the higher charge voltage cell, cell temperature drops as the result of switch on-ofT 
condition. Cell continues to accept charge at this state but at lower temperature 
under intermittent current condition provided by the pressure switch. This is an 
advantage for having a pressure switch as a means for regulating end of charge 
condition. 

|00154| The above description has been that of the preferred embodiment of 

the present invention, and it will occur to those having ordinary skill in the art that 
many modifications may be made without departing from the spirit and scope of the 
invention. In order to apprise the public of the various embodiments that may fall in 
the scope of the present invention, the following claims are made. 
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WE CLAIM: 

1 . An axially extending rechargeable electrochemical cell comprising: 

(a) an outer can defining an internal cavity with an open end, a positive and 
negative electrode disposed in the internal cavity, and a terminal end cap enclosing 
the open end; and 

(b) an end cap assembly including: 

i. a grommet extending radially inwardly from the can, wherein the 
grommet flexes from a first position towards a second position in response to 
internal cell pressure; 

i: a first conductive element in electrical communication with the 
t"?^TTs -..i ^. rid cap; 

.1 second conductive element in electrical communication with the 
. ctrode, and in removable electrical communication with the first 
. clement wherein the second conductive element is in mechanical 
. . v ! wrn. aiion with the grommet; and 

iicrein the first and second conductive elements are removed from 
V i.\ tri.'iil communication when the grommet flexes towards the second 
pi'.^inon in response to an internal pressure exceeding a predetermined 
ihrcshold during charging. 

2. The electrochemical cell as recited in claim 1, wherein the grommet 
returns to the first position from the second position when the intemal pressure 
drops htrlow the predetermined threshold. 

3. The electrochemical cell as recited in claim 1, wherein the second 
conductive clement is connected to the grommet and at least partially axially aligned 
with the first conductive element, and wherein the second conductive element is 
displaced axially outwardly when the grommet is in the second position. 

4. The electrochemical cell as recited in claim 1, fiirther comprising a 
nonconductiye spring member disposed between the terminal cap and the grommet 
to limit the amount of grommet displacement and to impose a pre-disposed spring 
force for maintaining contact between the first and second conductive elements. 
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5. The cell as recited in claim 1, wherein the grommet defines a radially 
inwardly extending cavity at its periphery, the cavity including distal ends of the end 
cap and first conductive element. 

6. The cell as recited in claim 5, wherein the can is crimped over the 
grommet to seal the open end of the cell. 

7. The cell as recited in claim 1, wherein the terminal end cap is a 
positive terminal end cap. 

St The cell as recited in claim I, further comprising a stop washer 
disposed axially downstream of the first conductive element for limiting axial 
movement of the first conductive element when the grommet is in the second 
position. 

9. The electrochemical cell as recited in claim 1, further comprising an 
aperture extending through the terminal end cap configured to permit gasses to 
escape from the cell when the internal pressure exceeds the predetermined threshold. 

10. The electrochemical cell as recited in claim 1, wherein the grommet 
separates the internal cavity of the can ft-om a second internal cavity disposed within 
the end cap, the cell further comprising an opening extending through the grommet 
lo provide a conduit between the internal cavity of the can and the second internal 
cavity; 

1 1 The electrochemical cell as recited in claim 10, further comprising a 
plug disposed within the opening thai is displaceable when the internal pressure 
reaches a second predetermined threshold. 

1 2. The electrochemical cell as recited in claim 11, wherein the plug is 
elastically deformable. 

13. The electrochemical cell as recited in claim 10, further comprising a 
spring member disposed within the opening operable to prevent fluid from flowing 
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from the internal cavity of the can from the second internal cavity, wherein the 
spring member is displaceable when the internal pressure reaches a second 
predetermined threshold. 

14. The electrochemical cell as recited in claim 10, wherein the cell is 
chargeable under a constant current charge. 

15. The electrochemical cell as recited in claim 1, wherein the cell is 
chargeable at rate faster than one hour. 

16. The electrochemical cell as recited in claim I, wherein the cell is 
chargeable under a constant voltage charge. 

17. The electrochemical cell as recited in claim 1, wherein the cell is 
chargeable under a varying current charge. 

18. The electrochemical cell as recited in claim 17, wherein the varying 
current charge is a half-wave rectified altemating current charge 

19. The electrochemical cell as recited in claim 17, wherein the varying 
current charge is a full-wave rectified altemating current charge. 

20. The electrochemical cell as recited in clami 17, wherein the varying 
current charge is an altemating current offset by a direct current. 

21. The electrochemical cell as recited in claim 1 , wherein the cell is 
chargeable with a voltage that varies between a minimum threshold and a maximum 
threshold. 

22. The electrochemical cell as recited in claim 1, further comprising a 
separator disposed between the positive and negative electrodes, wherein the 
separator is gas impermeable. 

23. The electrochemical cell as recited in claim 1, wherein the second 
conductive element further comprises: 
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a first contact having one end extending from the positive electrode, 
and a second end opposite the first end; 

a second contact extending through the grommet having a first end in 
contact with the second end of the 'first contact, and a second end opposite 
the first end; and 

a third contact having a first end in contact with the second end of the 
second contact, and a second end opposite the first end and in removable 
contact with the first conductive element. 

24. A rechargeable electrochemical cell charging system comprising: 
(af an electrochemical cell including: 

i. an"X)uter can defining an internal cavity with an open end, an anode 
and cathode disposed in the internal cavity, and a terminal end cap enclosing 
the open end; 

ii. a linkage that establishes an electrical connection between the 
terminal end cap and first electrode; and 

iii. a switch responsive to high internal pressure to break the linkage; 

and 

(b) a cell charger that receives the electrochemical cell therein and is 
configured to supply a constant voltage charge thereto, wherein internal pressure is 
generated during charging that activates the switch to terminate the charge when the 
internal pressure exceeds a predetermined threshold. 

25. The charging system as recited in claim 24, wherein the cell further 
comprises a gas impermeable separator disposed between the anode and cathode. 

26. The charging system as recited in claim 24, wherein the cell further 
comprises a ratio of anode capacity in ampere-hour to cathode capacity in ampere- 
hour within the range of .9:1 to 1.5:1 by weight. 

27. The charging system as recited in claim 24, wherein the charger is 
further configured to supply a charge having a varying current to the cell. 
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28. The charging system as recited in claim 24, wherein the charger 
supplies a current to the cell that decreases as voltage within the cell increases 
during charging. 

29. The charging system as recited in claim 24, wherein the electrical 
connection further comprises a first contact in electrical communication with the 
terminal end cap, and a second contact in electrical communication with the cathode 
and in removable electrical communication with the first contact, and wherein the 

5 switch interrupts the electrical communication between the first and second contacts 
when th^intemal pressure exceeds a predetermined threshold. 

30. The charging system as recited in claim 29, wherein the switch 
fijrther comprises a grommet connected to the first contact and configured to bias 
the first contact away fi"om the second contact. 

3 1 . The charging system as recited in claim 24, wherein the switch is 
reversible. 

32. A rechargeable electrochemical cell charging system comprising: 
(a) an electrochemical cell including: 

i. an outer can defining an internal cavity with an open end, an anode 
and cathode disposed in the internal cavity, and a terminal end cap enclosing 

> the open end; 

ii. a linkage that establishes an electrical connection between the 
terminal end cap and first electrode; and 

iii. a switch responsive to high internal pressure to break the linkage; 

and 

10 (b) a cell charger that receives the electrochemical cell therein and is 

configured to supply a varying current charge thereto, wherein internal pressure is 
generated during charging that activates the switch to terminate the charge when the 
internal pressure e.xceeds a predetermined threshold. 

33. A rechargeable electrochemical cell charging system comprising: 
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(a) an electrochemical cell including: 

i. an outer can defining an internal cavity with an open end, an anode 
and cathode disposed in the internal cavit>', and a terminal end cap enclosing 
the open end; 

ii. a linkage that establishes an electrical connection between the 
terminal end cap and first electrode; and 

iii. a switch that activates in response to high internal pressure to 
break the linkage; and 

(b) a cell charger that receives the electrochemical cell therein and is 
configured to supply a voltage charge thereto, wherein the voltage alternates 
between a maximum threshold and a minimum threshold, wherein internal pressure 
is generated during charging that activates the switch to terminate the charge when 
the internal pressure exceeds a predetenmined pressure threshold. 

34. A method for charging a rechargeable cell of the type having an outer 
can defining an internal cavity having an open end, an anode and cathode disposed 
in the internal cavity, a temiinal end cap enclosing the open end, an electrical 
linkage that removably connects the end cap with the cathode, and a switch 
controlling the linkage, the method comprising; 

(a) supplying a constant voltage charge to the cell, wherein internal pressure 
accumulates within the internal cavity in response to the constant voltage charge; 
and 

(b) activating the switch to terminate the linkage when the internal pressure 
exceeds a predetermined threshold. 

35. The method as recited in claim 34, further comprising: 

(c) activating the switch to reinstate the linkage once the internal 
pressure falls below the predetermined threshold; and 

(d) measuring the open current voltage of the cell; and 

(e) repeating steps (b) and {c) until the cell has an open circuit voltage of 
approximately 1.42 volts. 
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36. The method as recited in claim 34, further comprising comiecting a 
plurality of additional rechargeable cells in series with the rechargeable cell during 
charging. 

37. The method as recited in claim 34, further comprising connecting a 
plurality of additional rechargeable cells in parallel with the rechargeable cell during 
charging. 

38. The method as recited in claim 34, wherein the an anode and cathode 
disposed in the internal cavity, a terminal end cap enclosing the open end in 
removable electrical communication with the cathode, and a switch controlling the 
electrical communication between ^^pminal end,cap and the cathode, 

39. The method as recited in claim 34, further comprising supplying a 
decreasing current to the cell as internal cell voltage accumulates. 

40. The method as recited in claim 34, further comprising reversing the 
switch to re-establish the linkage when the intemal pressure falls below the 
predetermined threshold. 

41. A method for charging a rechargeable cell of the type having an outer 
can defining an intemal cavity having an open end, an anode and cathode disposed 
in the intemal cavity, a temninal end cap enclosing the open end, an electrical 
linkage establishing a removable electrical connection between the end cap and 
cathode, and a switch controlling the linkage, the method comprising; 

(a) supplying a varying current charge to the cell, wherein intemal pressure 
accumulates within the intemal cavity in response to the charge; and 

(b) activating the switch to terminate the linkage when the intemal pressure 
exceeds a predetermined threshold. 

42. The method as recited in claim 41, further comprising connecting a 
plurality of additional rechargeable cells in series with the rechargeable cell during 
charging. 
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43. The method as recited in claim 41, further comprising connecting a 
plurality of additional rechargeable cells in parallel with the rechargeable cell during 
charging. 

44. The method as recited in claim 41, wherein the an anode and cathode 
disposed in the internal cavity, a terminal end cap enclosing the open end in 
removable electrical communication with the cathode, and a switch controlling the 
electrical communication between the terminal end cap and the cathode. 

45. The method as recited in claim 41, further comprising reversing the 
switcffHo re-establish the linkage when the internal pressure falls below the 
predetemiined threshold. 

46. A method for charging a rechargeable cell of the type having an outer 
can defining an internal cavity having an open end, an anode and cathode disposed 
in the internal cavity, a terminal end cap enclosing the open end, an electrical 
linkage that removably connects the end cap with the cathode, and a switch 

5 controlling the linkage, the method comprising: 

(a) supplying an voltage charge to the cell that varies between a 
predetermined minimimi and a predetermined maximum, wherein intemal pressure 
accumulates within the intemal cavity in response to the charge; and . _ 

(b) activating the switch to terminate the linkage when the intemal pressure 
10 exceeds a predetermined threshold, wherein the linkage is re-established when the 

intemal pressure falls below the predetermined threshold. 

47. A rechargeable electrochemical cell charging system comprising: 
a rechargeable cell having a gauge on its outer surface operable to send a 

signal indicating that the outer surface is expanded at a rate that is beyond a 
predetemiined threshold; and 
5 a battery charger configured to { I ) supply a charge to the rechargeable cell, 

wherein the outer surface of the battery expands as the charge is supplied, (2) 
receive the signal from the gauge, and (3) terminate the charge based on a 
predetemiined rate of change of outer surface expansion. 
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48. The assembly as recited in claim 47, wherein the gauge is a strain 
gauge having two distal ends connected to two respective conductive contact bands, 
and wherein the charger further comprises conductive leads connected to the contact 
bands to measure electrical resistance thereacross. 

49. Tlie assembly as recited in claim 48, wherein the signal from the 
gauge is a resistance that varies in a predictable manner relative to the outer surface 
expansion, and wherein the charger further includes a processor operable to measure 
the resistance across the strain gauge, 

50. The assembly as recited in claim 47, wherein the charge is a constant 
voltage charge. 

5 1 . The assembly as recited in claim 47, wherein the cell further includes 
a temperature sensor for sensing the internal temperature of the cell, wherein the 
battery charger further terminates the charge based on a predetermined condition of 
temperature and change of outer surface expansion. 

52. The assembly as recited in claim 47, wherein the strain gauge is 
embedded in a laminate configured to be wrapped around the cell, the laminate 
including: an adhesive, an insulator, the strain gauge, and a pair of contact pads 
disposed adjacent and in electrical communication with the strain gauge. 

53. A method for determining a charge termination point of a 
rechargeable electrochemical cell of the type having an outer can defining an 
internal cavity having an open end, an anode and cathode disposed in the internal 
cavity, a terminal end cap enclosing the open end, and a strain gauge disposed on an 

5 outer surface of the cell whose resistance changes in response to expansion of the 
cell, the method comprising: 

supplying a charge to the cell; 

measuring the resistance of the strain gauge; and 

determining the charge termination point based on the resistance changes of 
10 the strain gauge during charging. 
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54. The method as recited in claim 53, wherein the charge is a constant 
voltage charge. 
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AMENDED CLAIMS 

[received by the International Bureau on 28 March 2002 (28.03.02); 
original claims 1-6, 8, 10, 23, 30 and 38 amended; 
remaining claims unchanged (5 pages)] 

1 . An axially extending rechargeable electrochemical cell comprising: 

(a) an outer can defining an internal cavity with an open end, a positive and negative 
elecnrode disposed in the internal cavity, and a tenuinal end cap enclosing the open end; and 

(b) an end cap assembly including: 

i. a flexible member extending radially inwardly from the can, wherein the 
flexible member flexes from a first position towards a second position in response to 
iniemal cell pressure; 

i). a first conductive element in electrical ::ommuni cation with the teniiinal 
end cap; 

iii. a second conductive element in electri<:al communication with the positive 
electrode, and in removable electrical communicL.iion with the first conductive 
element, wherein the secotid conductive element .s in mechanical conmiunication 
^nth the flexible member; and 

wherein the first and second conductive e ements are removed from electrical 
communication when the flexible member flexes towards the second position in 
response lo an internal pressure exceeding a predetermined threshold during charging. 

2. The electrochemical cell as recited in claim 1 , wherein the flexible member 
returns to the firet position from the second position when the internal pressure drops below 
the predetermined threshold. 

3. TJ^e electrochemical cell as recited iji claim 1, wherein the second conductive 
element is connected to the flexible member and at least partially axially aligned with the first 
conductive element, and wherein the second conductive element is displaced axially 
outwardly w^hen the flexible member is in the second position. 

4. The electrochemical cell as recited in cla m 1, further comprising a 
nonconductive spring member disposed between the terminal cap and the flexible member to 
limit the amount of flexible member displacement and to impose a pre-disposed spring force 
for maintaining contact between the first and second conductive elements. 

5. The cell as recited in claim h wherein iht flexible member defines a radially 
inwardly extending cavity at its peripher>', the cavity inirluding distal ends of the end cap and 
first conductive element. 
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6. The cell as recited m claim 5, wherein the can is crimped over the flexible member 
to seal the open end of the cell. 

7. The cell as recited in claim 1 , wherein the .erminal end cap is a positive 
terminal end cap. 

8. The cell as recited in claim 1 , further comprising a stop washer disposed 
axially downstream of the first conductive element for limiting axial movement of the first 
conductive clement when the flexible member is in the second position. 

9. The electrochemical cell as recited in claim 1, further comprising an aperture 
extending tWlough the terminal end cap configured to permit gasses to escape from the cell 
when the internal pressure exceeds the predetemiined threshold. 

10. The electrochemical cell as recited in claim 1 , wherein the flexible member 
separates the internal cavity of the can from a second int<:mal cavity disposed within the end 
cap, the cell further comprising an opening extending through the flexible member to provide 
a conduit berv/een the internal cavity of the can and the second internal cavity; 

1 1 The electrochemical cell as recited in claim 1 0, further comprising a plug 
disposed within the opening that is displaceable when iht internal pressure reaches a second 
predeteraiincd tlireshold. 

12. The electrochemical cell as recited in claim 1 1 , wherein the plug is elastically 
dcformable. 

13. The electrochemical cell as recited in claim 10, further comprising a spring 
member disposed within the opening operable to prevent fluid from (lowing from the internal 
cavity of the can irom the second internal cavity, wherein the spring member is displaceable 
when the internal pressure reaches a second predetermined threshold. 

14. The electrochemical cell as recited in claim 10, wherein the cell is chargeable 
under a constant current charge. 

1 5. The electrochemical cell as recited in claim 1 , wherein tlie cell is chargeable at 
rate faster than one hour. 
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1 6. The elecirochemical cell as recited in claim 1 . wherein the cell is chargeable 
under a constant voltage charge, 

1 7. The electrochemical cell as recited in clair.i L wherein the cell is chargeable 
under a var>'ins current charge. 

1 S. The elecirochemical cell as recited in clahn 1 7. wherein the varying current 
charge is a half-wave rectified aJtemating current charge 

The electrochemical cell as recited in claim 17, wherein the varying current 
ch.i-L: i\A --A .-i-^v rectified alternating current charge. 

-icctrochemical cell as recited in claim 1 7, wherein the varying cuirent 
cu::\. ^- ^ \ : , *:ir»g current offset by a direct cuiTent. 

: : rc electrochemical cell as recited in claim 1, wherein the cell is chargeable 
wirh • ^iji! varies between a minimum threshold and a maximum threshold. 

?.Z Tiie electrochemical cell as recited in claim 1. further comprising a separator 
disposcc; lH::\\t:en the positive and negative electrodes, ^herein the separator is gas 
impemvs-ahic. 

2/ The electrochemical cell as recited in claim 1, wherein tlie second conductive 
clemeni further comprises: 

a first contact having one end extending !rom the positive electrode, and a 
second end opposite the first end; 

a second contact extending tluough the fiexible member having a first end in 
comaci with the second end of the first contact, and a second end opposite the first 
end: and 

a third contact having a firsi end in contact with the second end of the second 
contact, and a second end opposite the first end md in removable contact with the first 
conductive element, 

24. A rechargeable electrochemical cell charging system comprising: 
(a) an elecirochemical cell including; 
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i. an outer can defining an internal cavity with an open end. an anode and 
cathode disposed in the internal cavity, and a tenr inal end cap enclosing the open 
end; 

ii. a linkage that establishes an electrical c onnection between the terminal end 
cap and first electrode; and 

iii. a switch responsive to high internal pressure to break the linkage; and 
(b) a cell charger that receives the electrochemical cell therein and is configured to 

supply a constant voltage charge thereto, wherein internal pressure is generated during 
charging that activates the switch to terminate the charge when the internal pressure exceeds 
a predetermined threshold. 

25. The charging system as recited in claim 24, wherein the cell further comprises 
a gas impermeable separator disposed between the anodt: and cathode. 

26. The charging system as recited in claim 24, wherein the cell further comprises 
a ratio of anode capacity in ampere-hour lo cathode capacity in ampere-hour within the range 
of .9:1 to 1.5:1 by weight. 

27. The charging system as recited in claim 24, wherein the charger is further 
conllgured to supply a charge having a varjnng current 13 the cell. 

28. The charging system as recited in claim 24, wherein the charger supplies a 
current to the cell that decreases as voltage within the cell increases during charging. 

29. The charging system as recited in claim I'4, wherein tlie electrical connection 
further comprises a first contact m electrical communication witli the terminal end cap, and a 
second contact in electrical communication with the catiode and in removable electrical 
communication with the first contact, and wherein the switch interrupts the electrical 
communication between the first and second contacts when the internal pressure exceeds a 
predetemiined threshold. 

30. The charging system as recited in claim >9, wherein the switch fiirther 
comprises a fle.Kible member connected to the first contact and configured to bias the first 
contact away from the second contact. 

3 1 . The charging system as recited in claim 24. wherein the switch is reversible. 
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(a) supplying a constant voltage charge to the celL wherein internal pressure 
accumulates within tlie internal cavity in response to the constant voltage charge; and 

(b) activating the switch to terminaie the linkage when the internal pressure exceeds a 
predetemined threshold. 

35. The method as recued in claim 34, further comprising: 

(c) activating the switch to reinstate the linka^je once the internal pressure falls 
below the predetennined threshold; and 

(d) measuring the open current voltage of the cell; and 

(e) repeating steps (b) and (c) until the cell has an open circuit voltage of 
approximately 1 .42 volts. 

36. Tlie method as recited in claim 34, further comprising connecting a plurality 
of additional rechargeable cells in series with the rechargeable cell during charging. 

37. Tlie metliod as recited in claim 34, furthei comprising connecting a plurality 
of additional rechargeable cells in parallel with the rechargeable cell during charging. 

38. Tlie method as recited in claim 34, where n the an anode and cathode disposed 
in the internal cavjiy, a teonuiai end cap enclosing the open end in removable electrical 
communication with the cathode, and a switch controlling the electrical communication 
between the terminal end cap and the catliode. 

39. The method as recited in claim 34, furtlier comprising supplying a decreasing 
current to the cell as internal cell voltage accumulates. 

40. The method as recited in claim 34, further comprising reversing the switch to 
re-establish the linkage when the internal pressure falls below the predetermined tlircshold. 

41. A method for charging a rechargeable cell of the lype having an outer can 
defining an internal cavity having an open end, an anodic and cathode disposed in the internal 
cavity, a temiinal end cap enclosing the open end, an electrical linkage establishing a 
removable electrical connection between the end cap and cathode, and a switch controlling 
the linkage, the method comprising; 

(a) supplying a varying current charge to the cell, wherein internal pressure 
accumulates within the internal cavity in response to thi: charge; and 
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STATEMENT UNDER ARTICLE 19(1) 



Claims 1-6, 8, 10, 22, 30 and 38 have been replaced by amended 
claims bearing the same numbers. Replacement pages 38 through 44 
reflect these amendments. 

It is believed that these amendments; do not go beyond the 
disclosure of the international application as filed. It: is further 
believed that these amendments do not have an impact on the 
description and'drawings of this application. 
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Description 

BackQfound of the invention 

This invention generally relates to the apparatus for determining the type of battery being charged by battery 
chargers. This invention more particularly relates to an apparatus which will detect the type of battery connected to a 
circuit of equipment on the basis of a predetermined voltage potential supplied at a test terminal of the battery and 
which will select one or more operating parameters for charging equipment to optimize battery performance. 

Operationally, batteries of different types (such as those characterized by chemical components - Lithium, NiCd, 
Lead Acid, Alkaline, etc. - and those characterized as rechargeable or non -rechargeable) exhibit different end of life 
voltage characteristics and effective series resistances. Since different types of batteries can be interchangeably used 
to provide power for the same equipment (i.e. for a Cellular Portable Telephone), knowledge of the type of battery may 
be useful to the equipment in establishing operating parameters such as transmitter output power or in warning the 
user of a "low battery" condition. 

Non rechargeable battery types should not be subjected to recharging attempts. Battery types that can be charged 
should be charged at different rates and with differing conditions. A battery charger which accepts all battery types 
Ideally, should adapt the rate of charge (charge current) and the types of charge controls used in accordance with the 
battery type. Although it Is known that the charge rate of a battery may be optimised in accordance with the charge 
capacity of a battery (U.S. Patent No 4,006,396 discloses a battery and charger apparatus which employs an electrical 
element within the battery housing itself to provide a signed characteristic of the battery's charge stale and which is 
employed by a charger circuit to control the rate of charge for the battery) although this form of optimization is not 
changeable based on battery type and is limited to rate-of-charge detennination. European patent application EP-A- 
0 lei 112 relates to battery charges that charge and discharge batteries in response to a determination battery type 
in US patent 4,628,243, assigned to General Electric Company, an impedance, associated with a rechargeable 
battery, is coupled between an external sensing contact and a terminal of the rechargeable battery so as to differentiate 
H rechargeable battery from a non-rechargeable battery. A battery charger, into which the rechargeable battery may 
be located, is arranged only to deliver charge to a rechargeable battery when the charger detects that a magnitude of 
H sensed impedance is within a predetermined range. 

Therefore, it would be useful for a battery charger to automatically recognise the battery type which is to be charged 
nnci Hdapt its charging parameters accordingly. 

Summnry of the Invention 

According to the present invention there is provided a battery type detector for determining which type of portable 
b^iicry IS coupled to a battery charger, the portable battery having a first set of contacts and a housing, the battery 
cr arqcr having a second set of contacts and a housing, the battery type detector comprising: means for producing a 
picdctcrmined one of a plurality of sense levels corresponding to a portable battery type when the first set of contacts 
i5> d»f ocny coupled to the second set of contacts; means for delecting said predetermined one of a plurality of sense 
\cyc\s and means, responsive to said means for detecting, for enabling a predetermined battery charging control in 
the briitery charger corresponding to said portable battery type. 

In H preferred embodiment, the means for producing a predetermined one of a plurality of sense levels further 
comprises a battery type detector according to claim 1 wherein said means for producing a predetermined one of a 
pf jrahly of sense levels corresponding to a portable battery type further comprises: 

in regulated voltage; a first resistor (210) disposed within the battery charger housing; and a second resistor (113) 
having a resistance selected in accordance with said particular portable battery type and disposed within the portable 
baiiery housing, the portable battery housing having a positive terminal (105), a negative terminal (107), and a sense 
terminal ( 1 09) disposed thereon, and said first resistor coupled between said regulated voltage and said sense terminal 
and said second resistor coupled between said sense terminal and said negative terminal. 

An exemplary embodiment of the present invention will now be described with reference to the accompanying 
50 drawings. 

Brief Description of the Drawings 
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Figure 1 is a block diagram of a portable radiotelephone transceiver and battery 
Figure 2 is a block diagram of a battery charger and battery. 
Figure 3 is a schematic diagram of a window detector which may be employed as a battery type detector for the 
radiotelephone of Fig. 1 and/or the charger of Fig 2 

Figure 4 is a schematic diagram of a control circuit for the battery charger of Fig. 2. 
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Figure 5 illustrates the various voltage windows which may be sensed by the battery type detector of the present 
invention. 

Figures 6a through 6d are flowcharts which indicate the response of the portable radiotelephone of Fig. 1 to a 
detected battery type. 

5 Figure 7 is a graph of a normalized battery terminal voltage versus battery charge level for various battery types. 

Figure 8 is a flowchart which indicates the response of the battery charger of Fig. 2 to a detected battery type. 
Figure 9 is a graph of battery terminal voltage illustrating battery load change response, threshold hysteresis, and 
transmitter power output reduction which may be employed in the present invention. 

10 Description of the Preferred Embodiment 



This invention is particularly adapted for use in and with electrical equipment which can interchangeably couple 
to two or more different types of batteries. This equipment (for example, a portable radiotelephone) may "sink" power 
from a battery and deplete the battery charge. The equipment may be equipment which "sources" power to the battery 

15 in order to recharge the battery. 

In a preferred embodiment, the present Invention is also intended to be used in battery chargers having the capacity 
of charging two or more different battery types. 

battery 1 01 is shown coupled to a radio transceiver 1 03. There may be at least three electrical connections between 
the battery 101 and the transceiver 103; these connections supply primary battery power (105), ground (107), and 

20 sense input (109). Within the battery 101 is found a conventional electrochemical cell or cells 111 which provide direct 
current electrical energy from a chemical reaction. The electrochemical cell type may be determined by capacity, ef- 
fective resistance, physical construction, type of chemistry, or any other parameter pertinent to its use. A battery may 
have any number of like cells or combination of different cells. In some conditions, however, different batteries may 
have different characteristics but their use in a specific application may be identical enough for the batteries to be 

25 considered the same battery type. Nevertheless, when batteries of different characteristics perform differently in the 
specific application, they are considered herein to be different battery types. 

A sensing electrical component 113 (such as a resistor, a thermistor, an open circuit, a short circuit, or other ele- 
ments which may provide auxiliary sensing capability) is utilized in the present invention to provide an electrical sig- 
nature indication of battery type, in the preferred embodiment, the sensing element 113 is connected between sense 

30 input contact 109 and ground contact 107 of the battery 101. however, other connections may provide equally useful 
sensing capabilities 

The transceiver 103 (which may be a model F09HGD8453AA portable cellular radiotelephone available from Mo- 
torola, Inc.) consists of a conventional radio transmitter 117 a conventional radio receiver 119, a user interface 121 
(which may further include an earpiece and microphone, dialing and control mechanisms, and visual and/or aural 

35 indicators such as an LED light or a bar graph on a display or a numerical indication of battery charge), logic and control 
functions 123 (which in a cellular portable radiotelephone of the aforementioned type may utilize a MC68HC11A8 
microprocessor or equivalent and associated memory and circuitry), and a battery type detector 125. 

The battery type detector 125 must be compatible with and capable of identifying the battery type electrical sig- 
nature created with the selection of the electrical component 113 within the battery 1 01 . The battery type detector 125 

40 measures a sense input signal which is generated from a regulated voltage reduced in proportion to the ratio of resistor 
127 and the effective impedance of electrical component 11 3 in the battery 101 . The electrical component 11 3 is given 
a different electrical parameter value for each different battery type. Thus, the sense input is determined by the vottage 
divider formed by resistor 127 (having a resistance value of 15K Ohms) and resistor 113 (having a value as shown in 
Table 1). Since resistor 113 is given a different value of resistance tor each battery type, the sense input voltage is a 

45 different value for each battery type. Based upon the value of the sense input as measured by detector 125, the radio 
transceiver 103 determines which battery type is connected and adjust its operating parameters accordingly. 



TABLE 1 



Battery Type 


Component 113 Value (Ohms) 


0 (manual test) 


0-1K 


1 (NiCd) 


1 K-2K* 


2 


2K-3K 


3 


3K-5K 


4 


5K-10K 


N (default) 


>10K 



'thermistor 
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One of the operating paranneters which nnay be adjusted is that of the low battery alert which Is provided to the 
transceiver user via user interface 121. Conventionally, battery voltage is nneasured by the electrical equipment and 
when the battery voltage drops below a predetermined threshold, a light is lit or other indication is given to the user 
that the battery has reached the end of its useful battery charge. The equipment, typically will be allowed to operate 
only for a limited duration after the low battery detection is made. A second battery voltage threshold may be included 
in a conventional circuit which entirely turns off the equipment thereby protecting such battery types as NiCd or lithium 
types which cannot be discharged betow a certain charge without permanent damage to the electrochemical cells. 
Non-rechargeable batteries, however, do not require this minimum discharge voltage protection and can be fully dis- 
charged. A third battery alert parameter, the hysteresis voltage, may be included in a conventional circuit. Hysteresis 
is used to keep the unit from exiting low battery alerting when the equipment changes modes causing the battery 
discharge rate to change. This discharge rate change may change the battery terminal voltage enough so that It will 
now exceed the fow battery alert voltage threshold and alerts will stop. By adding the hysteresis voltage to the low 
battery alert threshold voltage, the equipment will not exit low battery alerts. A second set of these voltage parameters 
may be used in a conventional circuit where there are two distinct modes of operation such as receive and transmit. 
Furthermore, different battery types have different characteristics of terminal voltage and amount of discharge (See 
Fig. 7.). Thus, a predetermined and fixed voltage threshold for indication of low battery charge or equipment turn off 
may be optimum for one battery type but non-optimum for another battery type. 

The output of detector 125. then, can inform logic and control function 123 of the type of battery connected. Logic 
and control function 1 23 will scan its associated memory for one or more voltage threshold values which are optimum 
for the battery type connected and detected (See the first six rows of Table 2). Comparison of the battery voltage to 
the optimum established voltage thresholds may thus be used to provide a user indication of battery life at an optimum 
point determined by battery type. 

Similarly, other radio parameters may be adjusted in accordance with battery type. In the preferred embodiment 
of the invention used in a cellular portable radiotelephone, the output power of transmitter 117 can be adjusted to a 
maximum power level determined by the particular battery type connected to the radio transceiver 103. The mobile or 
portable subscriber equipment for cellular radiotelephone application has the capability of a plurality of transmitter 
output power levels, one of which is selected by the fixed site equipment, (see Fisher, "A Subscriber Set for the Equip- 
ment Test". Bell System Technical Journal, Vol. 58, No. 1 , January 1 979, pp. 123-143, showing early multiple transmitter 
output power level cellular equipment). Thus selection, which may be changed during the course of a radiotelephone 
call, Is based upon the signal level received by the fixed- site equipment. A received signal which is too strong will 
cause the fixed site equipment to command the mobile or portable to reduce the transmitter output power by one or 
more power level steps. Likewise, a received signal which is too weak will cause the fixed site equipment to command 
the mobile or portable to Increase the transmitter output power level one or more step (up to a maximum output power 
for the class-mobile a portable - of subscriber unit). El A Intenm Standard. IS-3-D (March, 1987), "Cellular Syslem 
Mobile Station-Land Station Compatibility Specification" defines six 4dB power level steps from -2dBW to -22dBW for 
portable radiotelephone equipment (paragraph 2.1.2.2). Each of these power level steps has a given tolerance or 
+2dB/-4dB from the nominal level. 

Although some radiotelephone systems place stringent minimum transmitter power output requirements on user 
equipment, other systems may utilize the selectable transmitter output to enhance user equipment battery life. As the 
battery charge becomes depleted with use in the portable radiotelephone, the voltage available at the battery power 
contact 105 decreases. Each battery type has a different voltage versus charge characteristic which is shown generally 
in Fig. 7. The control and logic function 123 (of Fig. 1) may utilize knowledge of the battery type derived from battery 
type detector 125 and component 113 to determine which battery type characteristic Is expected and to adjust the 
transmitter output power maximum characteristics according to the battery charge remaining (as implied by the battery 
terminal voltage). Furthermore, the operational lite of the battery may be extended by reducing the transmitter maximum 
output power level at particular battery charge levels depending upon battery type. Three power output levels are 
employed tor some battery types. These unique transmitter output power features may be better understood while 
referring to the seventh row of Table 2 Thus a battery type having a voltage versus time characteristic exhibiting a 
sharp drop off of voltage output after a particular amount of battery charge depletion can have the transmitter maximum 
output power level maintained at the maximum transmitter output power level for a long period of time with subsequent 
power output reductions. A battery type having a relatively linear decrease in output voltage versus battery charge will 
have the transmitter output power level reduced sooner 

Different battery types present different battery terminal voltage changes with changes in the load presented to 
the battery. When battery terminal voltage thresholds are established, the effect of load change must be considered 
and a hysteresis must be developed for the threshold battery terminal voltage. The value of battery load change hys- 
teresis may be apprehended from Fig. 9. When the transmitter is operating, the battery terminal voltage decreases 
wrth time (curve 901). If the transmitter reduces its power output level a1 battery terminal voltage points, the reduced 
load on the battery will conventionally cause the battery terminal voltage to increase. Without hysteresis, such an 
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increase in battery terminal voltage wilt cause the transmitter to reenter the higher power mode which causes the 
battery terminal voltage to decrease, etc. Hysteresis of the appropriate value for the particular battery type supplying 
power to the transmitter will prevent such a bistable oscillation from occurring. Thus, when the battery terminal voltage 
(901) reaches the voltage threshold (^th^) between transmitter output power level 1 and power level 2 (at 903), the 

5 transmitter is changed to power level 2. The value of threshold Vt^i is irrcreased by the selected hysteresis value V„ 
(as shown at 905). A similar threshold change occurs at point 907. 

Another radio parameter which may be adjusted in accordance with battery type is that of the state-of-charge 
indicator type. In a cellular portable radiotelephone, a state of charge indication is visually provided to the user via user 
interface 121. Conventionally a battery state of charge indicator makes Its determination of the amount of. charge in 

10 the battery by the battery terminal voltage. It uses the battery terminal voltage to determine into which of a finite number 
of state of charge ranges the battery is in (such as 100%, 80%, 60%, 40%. 20%, or 0% of full charge). However, 
different battery types have different characteristics of terminal voltage relative to the percentage of charge left (see 
Figure 7). Thus, a predetermined and fixed voltage vs. percentage of charge characteristic may be accurate for one 
battery type but inaccurate for another battery type. Thus, a different voltage vs. percentage of charge characteristic 

IS is used for each battery type. The characteristic is selected based upon the battery type which is detected as previously 
described. 

An alternative charge state indicator is one which determines the state of charge by keeping track of the lime the 
unit is used, calculating the amount of charge used, comparing the amount of charge used against the full capacity of 
the battery and providing the charge state to the user via user interface 121 The equipment being operated can draw 

^0 different amounts of charge per unit time depending upon the battery type being used and different battery types may 
have different amounts of charge capacities. Thus, a predetermined and fixed calculation of charge state may be 
optimum for one battery type but non-optimum for another battery type. An alternative implementation uses a selectable 
set of charge capacities and charge depletion rates for each battery type. 

A battery charger which may employ the present invention is shown in the schematic block diagram of Fig. 2. A 

2S battery charger such as charger 201 may employ conventional rectifier circuitry 203 and conventional current sourcing 
and regulating circuitry 205. Such circuitry may be found in previously disclosed documents such as aforementioned 
U.S. Patent No. 4,006,396. A battery charger which employs the present invention utilizes a battery type detector 207 
and charge control circuitry 209. The battery type detector 207 measures the voltage potential generated across com- 
ponent 113 of the voltage divider of resistor 209 and electronic component 113. Battery type detector 207 determines 

30 the battery type from the sense input potential and communicates the battery type to control circuit 209. Control circuit 
209 contains predetermined information about the battery type and it will establish the rate and types of charge controls 
to provide an optimum rate of charge for a rechargeable battery while not charging a non-rechargeable battery type. 

In the preferred embodiment of the present Invention in a battery charger a charge state indicator may operate 
as described previously. The battery terminal voltage is used to determine the battery percentage capacity However, 

35 when a battery is being charged the terminal voltage may not be monotonic with the percentage charge in the battery 
This effect occurs in NiCd batteries being rapid charged and has been used in some chargers to terminate the rapid 
charge cycle (this technique is commonly known as "AV charging"). A battery charger may charge one battery type 
differently than another battery type and the terminal voltages vs. percentage capacities may be different. Thus, one 
set of terminal voltages vs. percentage charge may be optimal for one battery type but not for another. The present 

40 invention selects a different set of terminal voltages vs. percentage charge for each battery type. 

Referring to Fig. 3, a schematic of one type of detector which may be employed as battery type detectors 1 25 or 
207 is shown. The configuration shown in Fig. 3 is that of a "window" detector using comparators and NOR/AND gates. 
Alternatively, an analog to digital converter and microprocessor may be used to perform the same sort of battery type 
detection. One conventional microprocessor (an MC68HC11A8, available from Motorola, Inc.) internally contains an 

4S analog to digital converter and may be programmed to perform the required comparison. In Fig. 3, a regulated voltage 
is serially voltage divided by resistors 301, 303, 305, 307, 309, and 311 to produce N voltage levels which are applied 
to the positive input port of N conventional comparators 313, 315, 317, and 319. The sense input signal is applied to 
the negative input of comparators 313, 315, 317, and 319. The outputs of the comparators are applied to inputs of 
AND and NOR gates 321, 323, 325, and 327 as shown in order to provide detection windows for the battery types. 

so The output signals from battery type detectors 1 25 and 207 are on N output lines. In general, a resistor used as electronic 
component 113 in the battery enables the detection of a number of battery types limited primarily by the decision of 
the detector 

A battery charger control circuit 209 is shown in more detail in the schematic diagram of Fig. 4. A microprocessor 
401 (such as an PIC16C55 available from Microchip, Inc.) is in the present invention used to control the charging 
ss conditions for the battery based upon the battery type detected and applied to microprocessor 401 via detector output 
line 403. Upon detection of a particular battery type, microprocessor 401 recalls from its internal memory the charging 
characteristics of the particular battery type connected to the battery charger 201. The battery terminal voltage is 
sensed by conventional voltage detection techniques and input to microprocessor 401 where it is compared with the 
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battery terminal voltage charge characteristic curve recalled from storage and the appropriate amount of current is 
allowed to enter the battery terminals as determined by microprocessor 401 and current source 205. 

The aforementioned U.S. Patent No. 4,006,396 discloses a technique of determining battery charge rates by de- 
tecting a particular battery type. Different battery types also require type-specific charge controls to realize optimum 
charge performance. For example, the present invention may be employed in the selection of charge control controls 
such as: voltage cutoff (in which the charging is terminated when the battery terminal voltage exceeds a selected 
threshold), time (when the battery charging is terminated or reduced to a trickle charge after a selected period of time), 
temperature cut off (in which the fast rate charging is terminated when the electrochemical cells exceed a selected 
temperature), temperature-controlled voltage cutoff (in which the selected voltage cutoff threshold is selectively tem- 
perature compensated for electrochemical cell temperature), and Av charging (in which a selected slope of battery 
terminal voltage versus time is employed to determine the time at which charging is reduced or terminated). These 
charge controls are further shown in Table 3. 

Some types of batteries (for example NiCd cell batteries) are susceptible to damage if rapid charging is not carefully 
controlled. High temperatures generated during rapid charging may cause danr\age to the battery and, in extreme 
situations, may cause the battery to explode. Furthermore, as disclosed in U.S. Patent No. 4.727,306 (showing a dual 
charge rate battery charger having charge rate control), a battery being charged at a rate less than its maximum rate 
but greater than its minimum may also cause damage to the battery Each battery type, then. In the present invention 
has its optimum maximum and minimum charge rates recalled and applied during Its charging cycle. 

Fig. 5 illustrates the various voltage windows which are generated across electronic component 113 (within the 
battery) when a known regulated voltage is applied to a voltage divider including electronic component 11 3. 

Fig. 6a is a flowchart employed by the microprocessor of a portable radiotelephone in its logic and control function 
123. This method shows how the radiotelephone responds to a determination of a partk:ular battery type and sets the 
appropriate low battery alert thresholds and software turn off thresholds for the battery end of life. It is anticipated that 
each different battery type can have an independent set of thresholds. Following turn on of the radiotelephone equip- 
25 ment at step 601 , the detector input is read at step 603. (If an analog to digital converter is used in the realization of a 
battery type detector, step 603 would entail the reading of the output value generated by the analog to digital converter). 
A determination that the detected level Is greater than one volt (as indicated from test 605) results in a test of whether 
the level is between one volt and an incremental voltage (Av) over one volt, at test 607. If the sense input level exceeds 
one volt plus Av a test is made to see if the sense input is between one volt plus Av and one volt plus 2 Av (at test 609). 
30 The determination of the sense input voltage window continues in a similar manner until the window is found. Upon 
detection of the sense input voltage being within a particular window results in the battery threshold and end of life 
thresholds for the particular type of battery detected. This is Indicated in steps 611 or step 61 3 of this process. Once 
the thresholds have been recalled and set, the process continues with its normal turn on sequence at 615. 

A unique process occurs if the sense input is detected in the window between zero volts and one volt. In one 
implementation a "manual test" subroutine is entered (at 617). This manual test subroutine altows servicing personnel 
to manually energize the transceiver functions and is particularly useful when the radiotelephone transceiver 103 is 
placed in an appropriate test power supply and enables a service technician to determine problem areas within the 
radiotelephone 103. A tail-safe system is also employed to prevent damage to a battery by deep discharge If the sense 
contact 109 is broken or misaligned. The radiotelephone transceiver 103 assumes a low battery alert and turn off 
default values so chosen that no damage will occur to any of the various battery types used in the system. 

A similar method of detection is used to set the transmitter power step amount (see Fig. 6b) to establish the battery 
terminal voltage versus level of charge characteristics stored for particular battery types (see Fig 6c). Likewise, the 
battery load change hysteresis time constant and expected voltage step for each particular battery type (see Fig. 6d) 
may be selected. A portable radiotelephone transceiver 103 may utilize one or more ot these methods simultaneously 
In order to establish the operating characteristics of the portable radiotelephone transceiver. 

The general shape of the battery terminal voltage versus battery charge level characteristics are shown in the 
graph ot Fig. 7. Several battery types are represented In the three curves shown. 

A method employed by microprocessor 401 of charger employing 201 is shown in the flowchart of Fig. 8. Upon 
determining that a battery is present at step 803, the detector output is read and the battery type is determined at step 
so 805. The optimum battery charge rate is determined from the memory of microprocessor 401 from the look-up table, 
at step 807. The look-up table in the memory of microprocessor 401 is further searched to find the charge controls for 
the particular battery type determined at step 805, in step 809. In the preferred embodiment, the charge control pa- 
rameters and values used in the battery charging process are shown in Table 3. The battery is then charged at the 
rate determined from the charge rate look-up table and with the controls also determined from the control look-up 
55 table, at step 811. 

Therefore, a battery type detector has been shown and described. Different battery types exhibit different discharg- 
ing and charging characteristics. To optimize battery use and lifetime in battery powered equipment, operating char- 
acteristrcs of the battery powered equipment are modified in accordance with the detected battery type. Likewise, to 
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optimize battery charging operations, charge control parameters of battery chargers are modified in accordance with 
a detected battery type. While a particular embodiment of the invention has been shown and described, it Is to be 
understood that the invention is not to be taken as limited to the specific embodiment herein and that changes and 
modifications may be made without departing from the true spirit of the invention. It is therefore contemplated to cover 
the present invention, and any and all such changes and modifications, by the appended claims. 
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Claims 

30 

1. A battery type detector (207) lor determining which type of portable battery (101) Is coupled to a battery charger 
(201), the portable battery having a first set of contacts and a housing, the battery charger having a second set of 
contacts and a housing, the battery type detector comprising: 



means (113, 210) for producing a predetermined one of a plurality of sense levels corresponding to a portable 
battery type when the first set of contacts is directly coupled to the second set of contacts; 
means (207) for detecting said predetermined one of a plurality of sense levels; and 

means (209), responsive to said means for detecting, for enabling a predetermined battery charging control 
in the battery charger corresponding to said portable battery type. 

40 

2. A battery type detector according to claim 1 wherein said means for producing a predetermined one of a plurality 
of sense levels corresponding to a portable battery type further comprises: 



a regulated voltage; 

^5 a first resistor (210) disposed within the battery charger housing; and 

a second resistor (113) having a resistance selected in accordance with said particular portable battery type 
and disposed within the portable battery housing, the portable battery housing having a positive terminal (1 05), 
a negative temninal (107), and a sense terminal (109) disposed thereon, and said first resistor coupled between 
said regulated voltage and said sense terminal and said second resistor coupled between said sense terminal 
and said negative terminal. 

3. A battery type detector in accordance with claim 1 wherein said means for detecting further comprises a window 
detector having a plurality of output terminals, one of said output terminals providing said signal identifying said 
one of a plurality of sense levels. 

55 

4. A battery type detector in accordance with claim 1 wherein said means for detecting further comprises a micro- 
processor. 
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5. A battery type detector in accordance with claim 4 wherein said means for detecting further comprises an analog 
to digital converter coupled to said microprocessor 

6. A battery type detector in accordance with claim 1 wherein said means for enabling a predetermined battery charg- 
s ing control further comprises means for selecting one of at least two temperature cutoff thresholds. 

7. A battery type detector in accordance with claim 1 wherein said means for enabling a predetermined battery charg- 
ing control further comprises means for selecting one of at least two voltage cutoff thresholds. 

10 8. A battery type detector in accordarx^e with claim 1 wherein said means for enabling a predetermined battery charg- 
ing control further comprises means for selecting one of at least two battery charge rate switch points at which 
switch point the battery charger switches from a first charge rate current to a second charge rale current. 

9. A battery type detector in accordance with claim 1 wherein said means for enabling a predetermined battery charg- 
^5 ing control further comprises means for selecting one of at least two battery charge times. 

10. A battery type detector in accordance with claim 1 wherein said means tor enabling a predetermined battery charg- 
ing control further comprises means for selecting one of at least two battery charge methods. 

20 
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